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TM 11-1160, 28 December 1944, is changed as 
follows, to cover the substitution of Transmitter- 
Receiver RT-48/TPX-1 for Transmitter-Receiver 


9. LIST OF COMPONENTS. 


so ¢ 


RT-48A/TPX-1 (procured on Order No. 745- 
MSCPD-44): 


* ¢ * 


COMPONENTS OF RADAR SET AN/TPX-4 


| Quantity | Nomenclature | Function Dimensions | Weight (lb) 
——S RR De RARE re | a RS a Ry (he a Ey 





2 Transmitter - Receiver RT-48A/} One in use and | 15%” wd, 13%” h, 97%." d, less | 45 
TPX-1 or Transmitter-Re- one spare. cover; cover 15%” wd, 14%” h 
ceiver RT-48/TPX-1. | A" d. | 
* * | * 


* * | 


10.1. TRANSMITTER - RECEIVER RT-48/TPX-1 
(Added) 

Transmitter-Receiver RT-48/TPX-1 differs 
from Transmitter-Receiver RT-48A/TPX-1 in 
the following respects: - 

a. Mechanical Differences. (1) The intake air 
cleaner (fig. 6.1) used in Transmitter-Receiver 
RT-48/TPX-1 is smaller than that used in Trans- 
mitter-Receiver RT-48A/TPX-1. 

(2) The mounting brackets of the receiver r-f 
unit are cut differently for ventilation. 

(3) The mounting details of the high-frequency 
oscillator terminal board are different. 

(4) Transmitter-Receiver RT-48/TPX-1 uses 
a gasket and backing plate with its blower, while 
Transmitter-Receiver RT-48A/TPX-1 uses a 
simple sponge rubber gasket. 
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(5) Transmitter-Receiver RT-48/TPX-1 has 
two voltage rating nameplates mounted one 
behind the other, the correct one to be exposed 
for each voltage. Transmitter-Receiver RT-48A/ 
TPX-1 has a single nameplate. 

(6) The following listed mounting boards in the 
receiver unit differ in design and lay-out. 

(a2) Rear vertically mounted terminal board. 

(6) Left side vertically mounted terminal board. 

(c) Mounting board for resistor 103-1. 

(qd) Mounting board for resistor 103-2. 

(e) Terminal board No. 1 in the high-frequency 
oscillator. 

(f) Mounting board for resistor 113-7 (not used 
in Transmitter-Receiver RT-48A/TPX-1). 

(7) The rear vertically mounted terminal board 
in the transmitter unit is different. 
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b. Electrical Differences. 


—— ee SE 


TRANSMITTER-RECEIVER RT-48/TPX-1 





ee AS A 








—— i so - 


TRANSMITTER-RECEIVER RT-48A/TPX-1 





Part description 





Ref. No. Part description | Function | Ref. No. 
' ° 

102—-1________- RESISTOR: 75,000 ohms | 2d i-f screen. __-_-- | 126-1, 126-2. _.| RESISTOR: (two in parallel); 

+ 10%; 1w; carbon. 150,000 ohms +10%; 1w; 
; | carbon. 
102-2 .ccccece RESISTOR: same as 102-1-_~.-| 3d i-f screen__-.-_-_- 126-3, 126-4...| RESISTOR: same as 126-1, 
126-2. 
102-3. _..------ RESISTOR: same as 102-1_-_-; 4th i-f screen. __--- | 126-5, 126-6._.| RESISTOR: same as 126-1, 
. 126-2. 
102-4. ___.___- RESISTOR: same as iad Video screen_._-_- 108 oe owes ' RESISTOR: 75,000 ohms 
+ 10%: 1w; carbon. 
103-1______..- RESISTOR: 10,000 ohms: Ist r-f plate de- 123-1, 123-2.... RESISTOR: (two in parallel); 
+ 10%; 1w; carbon. | coupler. 20,000 ohms +10%; Iw; 
| carbon. 

103-2_.....--- RESISTOR: same as 103-1_..' 2d r-f plate de- 123-3, 128-4...| RESISTOR: same as 123-1, 
! ' coupler. : | 123-2. 

108-1___-...--: RESISTOR: 3,000 ohms ' Ist i-f plate de- 124-1, 124-2...’ RESISTOR: (two in parallel) ; 

+ 10%; 1w; carbon. ‘coupler. 6,000 ohms +10%; Iw; 
| ' carbon. 

10872. sceisnGoe | RESISTOR: same as 108-1... 2d i-f plate de- | 124-3, 124-4 __| RESISTOR: same as 124-1, 
| ' coupler. | , | 124-2, 

108-3. .-...--- RESISTOR: same as 108-1__-:' 3d i-f plete de- | 124-5, 124-6___| RESISTOR: same as 124-1, 

coupler. , 124-2. 

108—-4_..-.---- RESISTOR: same as 108-1__. 4th i-f plate de- ' 124-7, 124-8.__. RESISTOR: same as 124-1, 
mo | coupler. ! . | 124-2. 

113-7__..-.--- RESISTOR: 100,000 ohms _ Video limiter fixed 125__.....--.- RESIETOR: 100,000 ohms 

+10%; lw; carbon. | bias. | +10%; 2w; carbon. 

118_...------- RESISTOR: 15,000 ohms! H-F oscillator | 118-1, 118-2...| RESISTOR: (two in parallel); 
|  +10%; 2w; carbon. | plate Cropping. 30,008 ohms +10%; 2w; 
: | carbon. 

206-1, 206-2__.' RESISTOR: (two in parallel); Gain control drop- | 206-1, 206-2, | RESISTOR: (four in parallel) ; 
| 30,000 ohms +10%; 2w; ping. — 206-3, 206-4. 60,000 ohms +10%; 2w; 
| carbon. : carbon. 

7: ner et ‘ RESISTOR: 20,000 ohms _  High-voltage filter. 213-1, 213-2._.: RESISTOR: (two in parallel) ; 
| + 10%; 2w; carbon. , 40,000 ohms +10%; 2w: 

. ! ! carbon. 

141-62 osecuecs | CAPACITOR: 1,000 mmf; Ist i-f screen by- | 150-12_._--_-- CAPACITOR: 470 mmf; mica; 

ceramic; 300 vdew. pass. | _ 600 vdew. 

141-8. ___.._-- CAPACITOR: 1,000 mmf; 2d i-f screen by- | 150-13._.-..-- - CAPACITOR: 470 mmf; mics; 
| ceramic; 300 vdew. pass. ! '  §00 vdew. 

14lHa le cache 2 CAPACITOR: 1,000 mmf; 3d i-f screen by- 150-14____.__- CAPACITOR: 470 mmf; mica; 

ceramic; 300 vdew. pass. ! ' 500 vdew. 

141-14____._-- ' CAPACITOR: 1,000 mmf;. 4th i-f screen by- ; 150-15.._.._-.- _ CAPACITOR: 470 mmf; mica; 
' ceramic; 300 vdew. | pass. ! ~ §00 vdew. 

1, Eee ate eee CAPACITOR: oil paper; Blower motor ca- | 241___-___---- CAPACITOR: oil paper; 0.55 

double 0.2 mf; 330v ac. | pacitor. | | mf: 220v ac. 

2682s 2enecess MOTOR: 115v, 400 cps; 80v, Ventilator... __-.- 268 caseesesad MOTOR: 115v, 400 eps only. 

1,200 cps. | ! 
ING US6G@.. bc2 2 oot eG ee So eet oid 3d i-f screen filter. _' 176-2_.._-._-- COIL: radio; r-f choke; 4% 
: :  microhenries. 

176 sc etctaeoes, COIL: choke; r-f.......--.--- 2d detector, r-f 176—-1......-.-- ) COIL: radio; r-f choke; 4% 

filter. 


37. LUBRICATION (Superseded) 


a. War Department Lubrication Orders. War De- 
partment Lubrication Orders are _ illustrated, 
numbered, and dated cards or decalcomania labels 


4 


| | microhenries. 


which prescribe approved first- and second-echelon 
lubrication instructions for mechanical equipment 
which requires lubrication by using organizations. 
Current War Department Lubrication Orders 
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| ~ + 


which are available are listed in the latest edition 
of FM 21-6. Lubrication Orders should be 
requisitioned in conformance with instructions and 
lists in FM 21-6, which is published quarterly by 
The Adjutant General. 


b. Compliance with War Department Lubrication 
Orders. (1) Instructions contained in War De- 
partment Lubrication Orders are mandatory and 
supersede all conflicting lubrication instructions of 
an earlier date. Applicable War Department 
Lubrication Orders which are available will be 
obtained, carried with the equipment at all times, 
and fully complied with. Difficulties experienced 
in obtaining and complying with such orders will 
be reported through technical channels to the 
Commanding General, Army Service Forces, 
Attention: Maintenance Division. 

(2) The War Department Lubrication Order for 
Radar Set AN/TPX-4 is furnished on a 10- by 
15-inch card. Figure 23.1 is a facsimile of the 
War Department Lubrication Order for Radar 
Set AN/TPX-4. 


c. Transmitter-Receiver Blower Motor. Disassem- 
bly and lubrication of the blower motor is done 
by higher echelon repair personnel. The motor 
should be lubricated once a year or when the 
equipment reaches a higher echelon repair depot 
for repairs. Instructions for disassembly and 
lubrication are as follows: 

(1) Remove the two screws in the top of the 
channels which support the rear of the receiver. 

(2) Remove both handles from the front panel 
of the transmitter-receiver by taking off the nut 
and lockwasher at each end of the two handles. 
The nuts are located on the inner surface of the 
front panel. 

(3) Remove the four screws in the front panel 
which connect the receiver to the transmitter. 

(4) Disconnect the plug at the right rear corner 
of the transmitter chassis. 

(5) Set the receiver to one side and save all 
mounting screws removed in previous steps. 

(6) Remove the two large screws, located on 
the bottom of the chassis, that hold the motor 
support to the chassis. 

(7) Unsolder the four motor connections at 
terminals 1, 2, 3, and 4 on the 1%- by 1%-inch 
terminal board located under the chassis and 
below the motor. 
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(8) Remove the motor assembly from the trans- 
mitter. Care must be taken to guide the four 
motor wires through the bottom hole in the 
chassis to prevent damage to the insulation. 

(9) Remove the three screws from the blower 
case. 

(10) Using an Allen wrench, loosen the two 
Allen screws which hold the blower wheel on the 
motor shaft. Remove the blower wheel. 

(11) Remove the three screws from the inner 
surface of the blower head. This allows the 
mounting bracket to be removed. 

(12) Remove the binding ring from the blower 
end of the motor. 

(13) Remove the two washers directly under 
the binding ring. 

(14) Saturate the felt ring with oi), PS, Lubri- 
cating, Preservative, Special. Do not use more 
oil than the felt pad can absorb. 

(15) Remove the three screws in the fan grill 
at the rear of the motor case. 

(16) Remove the fan grill from the body of the 
motor. 

(17) Loosen the two Allen screws in the hub of 
the fan at the rear end of the motor and remove 
the fan. 

(18) Slip the rotor from the motor body. 

(19) Saturate the small felt pad at the ball 
bearing near the rear end of the rotor with oil, 
PS, Lubricating, Preservative, Special. Use no 
more oil than will be absorbed by the pad. 

(20) Reverse the above procedure to reassemble 
the motor and transmitter-receiver. 


38. PREVENTIVE MAINTENANCE ITEM _ IN- 
STRUCTIONS. 
* * * # * 
c. Items. 
* * * * * 
(19) ITEM 19, ANTENNA SYSTEM. 


(6) Maintenance Procedure. 
* a * ' * 


L. LUBRICATE (Superseded): 


Lubricate the antenna tower and the remote — 


antenna drive according to the instructions con- 
tained in figure 23.1. 


* ad * we & 





RESTRICTED 


WAR DEPARTMENT LUBRICATION ORDER LO 11-1160 


30 MAR 1945 


RADIO EQUIPMENT AN/TPX-4 


(Tewer TR-29 and Remote Antenna Drive RM-55) 


Reference: Ted 11-0108 


Cleon fittings before lubricating. 


latervels given ore menimums for nerme! B-hour day eperetion. Fer ebnermel conditions 
or activities, intervels should be shortened te compensete. 


ii 
be 


Aatenno Mast Hinge Pin 
Apply lebricent to hinge pia 


CAUTION: This equipment employs high velteges thot mey be fetel 4 contected by 
operetiag personnel. Use socouery preceutions before servicing. 


taservel @ Lebricent 


M GL Mast Upper Bear 
ppe prdrag. iain 


parenytt lorena ra Bocagingaced a wei gine mele Re-lnsteR 
vee? pive 


Antenna Control Worm and Geer 
Ledvicete theovgh fitting 


Antenne Mast Thumbscrew 
Apply Wwdrlcoat te thegede of thymbecrre 


TOWER TR-29 


Flexible Cable Urive Shaft Beorings 
2 oc ) droge. cock 


Dial Control Shaft Bearing 


2 os 3 droge 


Flenible Cable Drive Shaft Bearings OF 3M 
2 of 3 drops, och 


_ Zero Adjusting Knob Shaft and Spring OF 3M 


‘Remeve teed, prow down of meh acd opply 
2 or 3 drops, Bo-instoll tag 


REMOTE ANTENNA DRIVE RM-5S 
(Side cover removed) 


— KEY AND NOTES — 


LUBRICANTS 
+22°R. t00°R. 


Sriot Hen PS or No PS or N 
bol 9/10 |S bol OS 1961 |S 


OE 30 ofr Ne OE 10 of Navy 
Ss mbel 9250. Symbol 9110 


PS—OIL, lvoricating, Sceieelice. special or Navy Symbol OS 1361. 


javy 
ymbol OS 136! 


Flexible Cable Drive Geers 


Cloen ond coet tee 


Hand Crank Sheft Beorings 
2 ot ) Orope, cock 


Dial Control Worm end Gear 


Clean ond coot feoth 


Dial Control Shof? Beoring 


lor } droge 


Hand Crenk Hondle Sheft 


) or 4 @repe 


SS 
3M GL Zero Adjusting Control Geer ond 
Pinion 


soe bageh (Te service Te en rere 
ooessee openina wom inside drive cate) 


3. LUBRICATED AFTER DISASSEMALY BY HIGHER ECHE. 
LON—Meoet Lower Section Splice Beoring, Tronmmitter 
Receiver Mower Meter Beorngs. 


Cepy of this lubscotven Order will remain with the equip. 
moat of all trihes, instructions coateined therein ere mendetory 
ond svpersede eff conflicting lubrication instructions dated 
prrer te 30 Mer 1943. 


M— Monthly 


3M—3 months 
[A.G. 900.8 (30 Mas 1945)) 
BY ORDER OF THE SECRETARY OF WAR: 


G. C. MARSMALL, 
Criof of Sraff 


1. GREASE POINTS—Every 3 months, cleen ond speringly 
Whricote Coble Connecter ond Termine! Cop Threeds 
with GL. When enembling clean ond lightly coat An- 
tence Most Sechen Joints, Antenne Mounting Sleeve 
end oll Assembly Belts ond Cepecrow Threads with GL. 


2. OL CAN POINTS—Monthly, lubricete Antenne Mert 


Section Clempong Thembecrow Threede, Antenne Mast 
Broce Coble Seepe ond Turnbuctle Threads end Pivet 
Belts, Hinges, Lochs, end Festeners with OF Every 3 
months, lvbricote Contre! Sheft Seerings of Tost Set 
TS. 1S9/TPX ond Tronemitter-Recoivers RT-48/TPX-1 ead 
RT-48A/TPX-1 with 1 drop, coch of OF. 





OFFICIAL: 
4. A VLIO, 
therer Govorel, 
The Adyotent Generel. 


Requisitions edditional lebricetion orders la conformance with lnstrections ead lets In Fld 21-4, 


RESTRICTED 


Figure 23.1. War Department Lubrication Ordér 11-1160. 
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Figure 41.1. Transmitter-Receiver RT-48/TPX-1, functional schematic diagram, receiver untt, mixer and high- 
frequency oscillator. 
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Figure 60.1. Transmitter-Receiver RT-48/TPX-1, receiver unit, bottom view, r-f and mixer stages uncovered. 
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Figure 65.1. Transmitter-Receiver RT-48/TPX-1, receiver 
unit, oscillator. 
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Figure 66.1. Transmitter-Receiver RT-48/TPX-1, receiver 
unit, resistor mounting board of first and second i-f stages. 
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Figure 72.1. Transmitter-Receiver RT-48/TPX 1, wiring diagram, receiver unit. 
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Figure 75.1. Transmitter-Receiver RT-48/TPX-1, trans- 
mitter unit, rear vertically mounted resistor board. 
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Figure 78.1. Transmitter-Receiver RT-43/1 TPX-1, receiver 
unit, rear vertically mounted resistor board. 
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114.1 ARMY SERVICE FORCES SIGNAL SUP- 
PLY CATALOG (Added). 


The following information was compiled on 11 
October 1945. 

The appropriate pamphlets of the ASF Signal 
Supply Catalog for Radar Set AN/TPX-4 are: 


Organizational Spare Parts 


SIG 7-AN/TPX—4 
SIG 7-AN/TPX-4, Cl 


[AG 300.7 (8 Nov. 45)] 
By ORDER OF THE SECRETARY OF WAR: 


OFFICIAL: 
EDWARD F. WITSELL 
Major General 
The Adjutant General 


DI8sTRIBUTION: 


Higher Echelon Spa:e Parts 
SIG 8-AN/TPX+4 
SIG 8-AN/TPX-4, Cl 


For an index of available catalog pamphlets, se¢ 
the latest issue of ASF Signal Supply Catalog 
SIG 2. 


DWIGHT D. EISENHOWER 
Chief of Staff 


AAF (5); AGF (5); ASF (2); T of Opns (5); Dept (2); Base Comd (2); Island Comd (2); Arm & 
Sv Bd (1);S Div ASF (1); Tech Sv (2); Sv C (2); Air Tech Sv C (2); Dep 11 (2); Lab 11 (2); 
4th Ech Maint Shops 11 (2); 5th Ech Maint Shops 11 (2); T/O-E 11-107 (3); 11—127 (3); 11-587 
(3); 11-592 (3); 11-597 (3); 44-25 (3); 44-75 (3); 44-125 (3). 

Refer to FM 21-6 for explanation of distribution formula. 
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RADAR SET AN/TPX-4 


WAR DEPARTMENT 28 DECEMBER 1944 





Il 


WAR DEPARTMENT 
Washington 25, D. C., 28 December 1944. 


TM 11-1160, Radar Set AN/TPX-4, is published for the information and guidance of 
all concerned. 


[A. G. $00.7 (7 Aug 1944).] 


BY ORDER OF THE SECRETARY OF WAR: 


OFFICIAL: 
G. C. MARSHALL, 
Chief of Staff. 
J.A. ULIO, 
Major General, 
The Adjutant General. 
DISTRIBUTION : 


AAF (5); AGF (5); ASF (2); T of Opn (5) ; Base Comd (5) ; Dept (5) ; Def Coma 
(2); Arm & Sv Bd (2);S8 Div ASF (1); SvC (5); Area ASvC (2); PE (Sig 
Sec) (2); ASF Dep (Sig Sec) (2); ioe 11 1 (Overseas) (10) ; Gen Overseas SOS 
Dep (Sig Sec) (10); Pro Dist 1 1 (2); US MA (2); WDGS Lib (2); Lab 11 (2); 
Rep Shop 11 (2); Inspection Z11 (2); A (5); CHQ (5); T/O & E 4-282 (8); 
4-240 (8) : 4-260-1 (10); 11-107 (4); 11-287 (4); 11-587 (4): 11-592 (4) ; 11-597 
(4); 11-617 (4) ; 44-188 (4). 

IC 4: T/0-E 4-260-1 Hq and Hq Btry Hd. 


IU 4: 4-232 CA Sector Commands; 
4-240 CA Sub-sector Commands. 


IC 11: T/0-E 11-107, Sig Dep Co; 
11-237, Sig Co Sve GP; 
11-592, Hq & Hq Co Sig Base Dep; 
11-587, Sig Base Maint Co; 
11-597, Sig Base Dep Co; 
11-617, Sig Radar Maint Unit. 


IC 44: T/0-E 44-138, AAA Searchlight Btry. 
(For explanation of symbols see FM 21-6). 
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WARNING 


HIGH VOLTAGE 
is used in the operation 
of this equipment. 


DEATH ON CONTACT 
may result if personnel fail 
to observe safety precautions. 





Be careful not to contact high-voltage plate circuits 
or 115-volt a-c input connections while installing, 
operating, maintaining, checking, or servicing the 
equipment. Make certain that the power is turned off 
before disassembling any part of the equipment. 


Dangerously high voltages are present in the power 
supplies of this equipment. High-voltage capacitors in 
these power supplies must be discharged manually 
when service checks are made after the a-c power has 


been removed from the components. 





EXTREMELY DANGEROUS POTENTIALS 
exist in Transmitter-Receiver RT-48A/TPX-] 
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DESTRUCTION NOTICE 


DESTROY EVERYTHING 


WHY —To prevent the enemy from using or salvaging this equipment for his benefit. 

WHEN — When ordered by your commander. 

HOW —1. Smash — Use sledges, axes, handaxes, pickaxes, hammers, crowbars, heavy 
tools. 

. Cut — Use axes, handaxes, machetes. 

. Burn — Use gasoline, kerosene, oil, flame throwers, incendiary grenades. 

. Explosives — Use firearms, grenades, TNT. 


. Disposal — Bury in slit trenches, fox holes, other holes. Throw into streams. 
Scatter. 


on mpm WwW & 


USE ANYTHING IMMEDIATELY AVAILABLE FOR 
DESTRUCTION OF THIS EQUIPMENT 


WHAT — 1. Smash — All tubes, coil forms, transformers, chassis. Take special care to 
destroy completely the 2C26 tube in the transmitter. 
2. Cut — All cables, coil windings. 


3. Burn — All parts of the equipment that cannot be completely demolished 
by other means. 


4. Bend — Tuning assembly in transmitter-oscillator circuit. 


3. Bury or scatter — Nameplates, smashed tubes, all other parts of equipment, 
after destroying their usefulness. 


DESTROY EVERYTHING 


XIII 
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REFERENCE NOTICE 


TM 11-1160, RADAR SET AN/TPX-4, is to be used in conjunction with TM 11-1352, 
TECHNICAL OPERATION MANUAL, and TM 11-1452, PREVENTIVE MAINTENANCE 
MANUAL, for Radar Set AN/TPL-1. TM 11-1352 contains description of Equipment 
Performance Log procedures, and TM 11-1452 describes preventive maintenance tech- 
niques which apply to Radar Set AN/TPX-4 as well as to Radar Set AN/TPL-1. 

The theory chapters of this manual are written for personnel who have a general 
knowledge of radar. Less experienced personnel will be assisted in the use of the 
manual by reference to TM 11-466, which covers the fundamental principles of radar 


and the electronic theory, and to TM 11-467, Which covers common radar systems 
in use. 





Beare comm acek 


FIRST AID TREATMENT FOR ELECTRIC SHOCK 





I. FREE THE VICTIM FROM THE CIRCUIT IMMEDIATELY. 


Shut off the current. If this is not immediately possible, use a dry nonconductor (rubber gloves, rope, 
board) to move either the victim or the wire. Avoid contact with the victim. If necessary to cut a 
live wire, use an axe with a dry wooden handle. Beware of the resulting flash. 


Il. ATTEND INSTANTLY TO THE VICTIM’S BREATHING. 


Begin resuscitation at once on the spot. Do not stop to loosen the victim's clothing. Every moment 
counts. Keep the patient warm. Wrap him in any covering available. Send’for a doctor. Remove false 
teeth or other obstructions from the victim's mouth. 


BE RESUSCITATION 


saa 
ee POSITION 
: 1. Lay the victim on his beJly, one arm extended directly 
overhead, the other arm bent at the elbow, the face 
turned outward and resting on hand or forearm, so that 
the nose and mouth are free for breathing (fig. A). 





2. Straddle the patient's thighs, or one leg, with your 
7. al = knees placed far enough from his hip bones to allow you 
to assume the position shown in figure A. 


3. Place your hands, with thumbs and fingers in a 
natural position, so that your palms are on the small of 


his back, and your little fingers just touch his lowest 
ribs (fig. A). 


FIRST MOVEMENT 
4. With arms held straight, swing forward slowly, so 
that the weight of your body is gradually brought to bear 
— 7 " — 3 upon the victim. Your shoulders should be directly over 
the heels of your hands at the end of the forward swing 
(fig.B). Do not bend your elbows. The first movement 
should take about 2 seconds. 


SECOND MOVEMENT 


5. Now immediately swing backward. to remove the 
pressure completely (fig. C). 


6. After 2 seconds, swing forward again. Repeat this 
oP pressure-and-release cycle 12 to 15 times a minute. A 
4 5 Siinanenseisn OO a aseaaaellill complete cycle should require 4 or 5 seconds. 


CONTINUED TREATMENT 


7 Continue treatment until breathing is restored or until there is no hope of the victim's recovery. Do 
not give up easily. Remember that at times the process must be kept up for hours. : 


8. During artificial respiration, have someone loosen the victim's clothing. Wrap the victim warmly; apply 


hot bricks, stones, etc. Do not give the victim liquids until he is fully conscious. If the victim must be 
moved, keep up treatment while he is being moved. 


9. At the first sign of breathing, withhold artificial respiration. If natural breathing does not continue, 
immediately resume artificial respiration. 


10. If operators must be changed, the relief operator kneels behind the person giving artificial respiration. 
The relief takes the operator’s place as the original operator releases the pressure. 


11. Do not allow the revived patient to sit or stand. Keep him quiet. Give hot coffee or tea, or other 
internal stimulants. 


HOLD RESUSCITATION DRILLS REGULARLY 
TL3745! 
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PART ONE 
TECHNICAL OPERATION 


Chapter 1 
GENERAL DESCRIPTION 


Section I 
PURPOSE AND OPERATING PRINCIPLES 


1. SCOPE OF MANUAL 

Note.—Although the nomenclature of the equipment de- 
scribed in this manual is Radar Set AN/TPX-4, this equip- 
ment is not a radar set in the accepted sense of the word; it 
is IFF (Identification, Friend or Foe) equipment used 
with Radar Set AN/TPL-1, which is a radar search 
equipment. 

a. General. This manual is divided into three 
parts as follows: 

(1) PART ONE, TECHNICAL OPERATION. 
Part One acquaints radar operators and repair- 
men with the general features, installation pro- 
cedure, and technical operation of Radar Set 
AN/TPX-4. 

(2) PART TWO, PREVENTIVE MAINTE- 
NANCE. Part Two furnishes instruction for the 
application of preventive maintenance proced- 
ures and describes methods for moistureproofing 
and fungiproofing Radar Set AN/TPX-4. (De- 
scriptions of maintenance techniques are con- 
tained in TM 11-1452.) 

(8) PART THREE, SERVICE. Part Three 
presents the circuit theory, provides instructions 
for equipment repairs, outlines step-by-step pro- 
cedures for quick and accurate trouble, shooting, 
and contains a maintenance parts list to facili- 
tate the ordering of replaceable parts: 

b. Part One. Part One of this manual is a prac- 
tical guide on how to use the equipment. It is 
primarily concerned with the installation and 

technical operation of the equipment. It pre- 
sents an explanation of the functioning of the 
major circuit systems, but omits discussion of 
circuit theory, maintenance, and trouble shoot- 
ing. The chapters are as follows: 

(1) GENERAL DESCRIPTION. 

(2) INSTALLATION. 

(8) OPERATION. 

(4) EQUIPMENT PERFORMANCE 

CHECKS AND LOGS. 
(5) CONVERSION FOR TRAVEL. 


2. PURPOSE OF RADAR SET AN/TPX-+4 


Note.—Throughout this manual Radar Set AN/TPX-4 
will be referred to as the IFF or identification equipment, 
and Radar Set AN/TPL-1 will be referred to as the radar 
set. 


This equipment is an auxiliary to the radar 
ground-station Radar Set AN/TPL-1. Radar Set 
AN/TPX-4 enables the operator of the radar set 
to determine whether aircraft located by the 
radar equipment are friendly or hostile: 


3. GENERAL OPERATION OF RADAR SET 
AN/TPX-4 


When an aircraft is located by the radar set, 
the radar operator throws a switch, causing the 
IFF transmitter to send out an interrogating 
signal to the aircraft. Friendly aircraft are 
equipped with apparatus which responds to the 
interrogating signal by sending back a coded 
identifying signal. If the interrogating signal 
does not produce a proper identifying response, 
the aircraft is considered unfriendly. The se- 
quence of operation between the ground stgtion 
and the apparatus in friendly aircraft is as fol- 
lows: 

a. The transmitter of Radar Set AN/TPX-4 
sends out a very short pulse of radio-frequency 
(r-f) energy. 

b. The apparatus of the friendly aircraft re- 
ceives the pulse and transmits a coded reply 
pulse. 


e. The coded reply pulse is received and ampli- 
fied by the receiver of Radar Set AN/TPX-4. 

d. The pulse output of the receiver is fed to the 
A-scope display unit in the radar equipment for 
observation by the operator. 


e. This sequence of events is repeated periodi- 
cally. 


4, DEVELOPMENT OF MARK IILIFF 
SYSTEM 


Radar equipment cannot directly identify tar- 
gets which it locates. Auxiliary equipment, clas- 
sified as IFF (Identification Friend or Foe), 
must be used to identify as friend or foe the 
planes detected by radar sets. Early forms of 
IFF used auxiliary airborne equipment that re- 
sponded to the radar search pulses of the ground 
station and identified the aircraft as friendly by 
distorting the radar response received by the 
ground station. No additional equipment was 
required by the radar station, but, as the ground- 
station operating frequencies were made more di- 
versified, the amount of airborne II°F equipment 
required to provide adequate identification to all 
radar stations became prohibitive. A universal 
IFF system, employing a band of frequencies 
separate from the radar bands and requiring 
additional ground-station equipment (interroga- 
tor-responsor) but only one airborne IFF unit 
(transpondor), was adopted to overcome the dis- 
advantages of the earlier system. This universal 
system is known.as the Mark III IFF system. 





INTERROGATOR - RESPONSOR 





5S. COMPONENTS AND OPERATION OF THE 
MARK Ill IFF SYSTEM (Fig. 2). 


a. Interrogator. The transmitter which sends 
out the interrogating signals to the aircraft lo- 
cated by the radar set is the interrogator. The 
interrogator can be set to operate at any fre- 
quency on the IFF frequency band. 


b. Transpondor. The airborne receiver-trans- 
mitter unit which responds to the interrogating 
signal from the interrogator is the transpondor. 
The automatic mechanical tuning circuit of the 
transpondor sweeps through the entire band of 
IFF frequencies every 2!% seconds. At some 
time during each tuning sweep, the transpondor 
is tuned to the interrogator frequency for about 
14 second. During this 14 second the trans- 
pondor receives a number of interrogating 
pulses. The very sensitive transpondor receiver 
detects the interrogating pulses and passes them 
to be amplified in the coding unit. Here the 
pulse width is varied according to a code, but the 
repetition rate determined by the interrogator is 
maintained. These coded-.pulses are used to ac- 
tuate the transpondor transmitter which retrans- 
mits the altered interrogating pulses at the same 


TRANSPONDER 
TL-49891 


Figure 2. Components and operation of the Mark LIL IEF system. 





frequenty and repetition rate used by the inter- 
rogator. It is because of this additional push 
given to the original pulses that the IFF equip- 
ment with its relatively low power can cover the 
same range as the larger and more powerful 
radar set. 


ec. Responsor. The receiver which receives the 
response from the transpondor is the responsor. 
The responsor must be tuned to the same fre- 
quency as the interrogator and is either in the 
same housing as the interrogator or placed near 
it. The output of the responsor is fed: to the 
radar display unit for observation by the oper- 
ator. This output is a number of video pulses 
occurring during the 14, second in each 214 sec- 
onds that the transpondor is tuned to the inter- 
rogator frequency. 


d. Allocation of IFF Frequencies. Spot fre- 
quencies are allocated to the interrogator-re- 
sponsor equipments associated with the various 
types of radar sets. Use of a frequency band in 
this manner has important advantages over the 
use of a single frequency for IFF purposes, in- 
cluding a reduction in the amount of mutual in- 
terference and the risk of over-interrogation 
(swamping) of the transpondor in operational 
areas with many interrogators. The wide pass 
band of the receivers in the Mark III system in- 
sures adequate time during the transpondor tun- 
ing sweep to permit easy identification of the 
pulse coding. As the transpondor is actuated by 
the interrogator transmission and not (as in 
early types of interrogation) by the main radar 
transmission, the system permits additional se- 
curity in that the interrogator need only be 
switched on when desired. 


e. Display Systems. The identification signals 
received by -the responsor may be displayed 
either on the display unit of the radar set or on 
a separate display unit. In Radar Set AN/TPX-4, 
the identification signals are displayed on the 
A-scope of Radar Set AN/TPL-1. In this way 
the identification signal is promptly correlated 
with the correct target. 


f. Coding. (1) The transpondor tunes over the 
IFF frequency band in approximately 21% sec- 
onds; hence it sweeps through any interrogator 
frequency at intervals of 214 seconds. Coding 
is accomplished by arranging the transpondor so 


that during consecutive tuning sweeps it may 
return one of the following to the interrogator- 
responsor equipment: | 


(a) No reply. 
(6) A narrow pulse. 
(c) A wide pulse. 


(2) The coding cycle requires four tuning 
sweeps after which the same cycle is repeated as 
long as the transpondor is triggered by the inter- 
rogator. Six distinct codes have been provided, 
any one of which can be selected by turning a 
switch on the transpondor control unit. The 
minimum time required to receive a complete 
coded reply is 10 seconds, four sweeps at 2)5 
seconds each. 


(3) The various codes shown in the table be- 


low provide either a means of discriminating be- 


tween different types of friendly craft or a 
means of gaining additional security. In addi- 
tion to the six codes described above, an emer- 
gency code is available in which a very wide 
pulse is returned each sweep. This code is the 
most easily distinguished and is used as a uni- 
versal distress signal. 


TRANSPONDOR CODING POSITIONS, SEQUENCES, 
AND PULSE DURATIONS 







Coding 
position 
1 


6 
Emergency 





N = Narrow transmitted r-f pulses, from 5 to 12 micro- 
seconds (millionths of a second), causing a narrow 
video pulse to flash on the A-scope for % second in 
the 2'%-second sweep period. Only the radar re- 
sponse appears on the A-scope during the remain- 
ing 2% seconds. 


W = Wide transmitted r-f pulses, from 17 to.30 micro- 
seconds, causing a wide video pulse to flash on the 
A-scope for % second during the 214-second sweep 
period. The wide pulse is always at least 2.5 times 
as wide as the narrow pulse. 


VW = Very wide transmitted r-f pulses, from 60 to 100 
microseconds (used when the friendly aircraft is in 
distress). A very wide video Poise flashes on the 
A-scope once in each 2%-second period. 


— = No transmission; no IFF response appears on the 
A-scope during the 2% -second period: 


en R 


6. SYNCHRONIZATION OF IFF WITH RADAR 


a. The radar equipment transmits its pulse of 
r-f energy at a definite pulse repetition fre- 
quency (prf). The prf of Radar Set AN/TPL-1 
is 400 times per second. This prf allows ap- 
proximately 2,500 microseconds (millionths of 
a second) between pulses. If an aircraft is 
within the range of the radar equipment, for ex- 
ample 20,000 yards away, some of the r-f energy 
is reflected from the aircraft and is received by 
the radar receiver 122.1 microseconds after the 
pulse was transmitted (radio energy, like light, 
travels 1 land mile per 5.37 microseconds). The 
reflected energy, therefore, returns to the radar 
receiver long before the next pulse of r-f energy 
is transmitted. The radar receiver amplifies the 
r-f pulse, detects it, and sends a video pulse to 
the radar oscilloscope. 


b. The radar A-scope sweep starts out al- 
most immediately after the radar transmitter 
fires. The time it takes for the electron beam 
(which causes the luminescence on the A-scope 
screen) to sweep from left to right is determined 
by the range switch setting of the radar equip- 
ment. If the range switch were set for 30,000 
yards, for example, the time for the sweep to 
travel from left to right would be 183.2 micro- 
seconds. This is the time required for radio 
energy to make a round trip to an aircraft 30,000 
yards away. If the sweep line were 4 inches 
long, the video pulse caused by an aircraft 15,000 
yards away would appear on the screen 2 inches 
from the start of the 30,000 yard sweep. Radar 
responses on the A-scope of Radar Set AN/TPL-1 
appear as positive (upward) pulses on the upper 
sweep trace (fig. 3) and are caused by deflect- 
ing the electron beam upward (for the duration 
of the pulse) at the same time that the beam is 
moving from left to right. One pulse would not 
be sufficient to cause a visible glow on the 
A-scope, but the entire action described here is 
repeated 400 times per second, and the effect is 
reinforced each time. 


ce. The radar and IFF use a “time sharing” 
method of display on the A-scope, that is, the 


display time of the A-scope is shared between the 
radar and IFF. Both the radar and IFF operate 
at 400 pulses per second, however, the pulses are 
staggered in time so that the IFF pulses occur in 
the intervals between the radar pulses. Since the 
interval between radar pulses is 2,500 micro- 
seconds and the time required for the A-scope 
sweep on the 60,000 yard maximum range of the 
radar is 366.4 microseconds, part of the unused 
time between radar pulses may be used to display 
the IFF signals. At some time after the com- 
pletion of the radar display sweep, the IFF 
transmitter is triggered, and an IFF sweep is 
started on the A-scope. The duration of the IFF 
sweep is also 366.4 microseconds. The A-scope 
traces used for the IFF are displaced approx- 
imately 14 inch below those used for the radar to 
aid in distinguishing between the IFF responses 
and the radar echoes. Although the IFF and 
radar video signals are not displayed simultane- 
ously, the action described above is so rapid that 


both appear to be displayed at the same time. 


The sequence of events is as follows: 


(1) The A-scope spot is displaced vertically 
to the upper baseline position and held 
in that vertical position. 


(2) The radar transmitter is triggered, and 
the A-scope spot is started on its sweep 
from left to right, holding the upper 
baseline position plus any signal deflec- 
tion. 


(3) After the completion of the sweep, the © 
A-scope spot is displaced downward to 
the lower baseline position and held 
there. 


(4) One eight-hundredth of a second after the 
initiation of the radar pulse, the IFF 


transmitter is triggered and the A-scope 
is started on its sweep from left to right, 
holding the lower baseline position plus 
any signal deflection. IF F signals are ap- 
phed with such polarity as to deflect 
downward. 











(5) The sequence is repeated as long as the 1.F.F. AND RADAR SIGNALS AS SEEN ON 


CHALLENGE switch is ON. Since both “A” OSCILLOSCOPE OF AN/TPL-| 
(30,000 YD. RANGE) 


IFF and radar sweeps are at the same 
speed, and since the IFF interrogation 
and response signals travel at the speed 
of light, the IFF response of a friendly 
aircraft will appear at the same hori- 






x RADAR ECHO 





77 RANGE PEDESTAL 






zontal position along the baseline as the 
radar echo from the aircraft. The IFF 
response will deflect downward just un- 
der the radar echo (fig. 3.) 


Noe RESPONSE 






(6) The IFF reply pulses (fig. 3) flash on the 
A-scope screen for a very short time (14 


second) once in each 2% second period. Figure 3. Radar Set WFP vee oeecune display showing 
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Section II 


COMPONENTS AND CHARACTERISTICS 


7. GENERAL 


Radar Set AN/TPX-4 is compact and simple 
in design to facilitate transportation, installa- 
tion, and operation under field conditions. Its 
components are transported in five transit cases 
and three transit bags. The main components 
of Radar Set AN/TPX-4 are Transmitter-Re- 
celver RT-48A/TPX-1 and- Antenna System 
AS-134/TPX. The equipment includes the nec- 
essary transmission lines and cords for connec- 
tion to the antenna and to Radar Set AN/TPL-1, 
packed in a transit chest. Test Set TS-159/ 
TPX, installation tools, and spare tubes are 
packed in one carrying chest; the antenna system 
is packed in three canvas bags and one chest; 
and each of the two transmitter-receivers (one 
operating, one spare) is mounted in a transit 
case which also serves as the housing for the 
chassis. 


8. INPUT POWER REQUIREMENTS 


a. Power for operation of Radar Set AN, 
TPX-4 is drawn directly from Radar Set AN/ 
TPL-1. For normal operation the IFF equip- 
ment is connected for 115 volts a-c at 400 cycles 
per second (cps). 


b. The power input for Radar Set AN/TPX-4 
is 175 watts. The power output of the trans- 
mitter is as follows: 500 watts minimum peak, 
1,000 watts maximum peak, 2.4 watts approxi- 
mate average (the actual power radiated is re- 
duced by the attenuator). 


9. LIST OF COMPONENTS 

Quantities, nomenclature, functions, dimen- 
sions, and weights of the components are given 
in the following table: 


COMPONENTS OF RADAR SET AN/TPX-4 


Transmitter-Receiver 


One in use r Gneinuseandoneepare. | one spare. 


15%” 15%” wd, 13%” h, 9-27/32" | 135%” h, 9-27/32” 




















RT-48A/TPX-1 d, less cover; cover 155%” 
wd, 14%" h, %"d 
1 Antenna System Complete antenna system in- |15' h. 150 
AS-134/TPX cluding supporting mast 
less transmission lines. : 
1 Test Set TS-159/TPX Used to set transmitter and | 8-7/32” d, 13-9/16" wd, 14 
receiver frequencies, and 6-29/32” h, excluBive of an- 
for testing transmitter and tenna. 
receiver. 

1 Chest CY-154/TPX-1 Carries test equipment, tool | 16” wd, 11%” h, 14” d. 19* 
equipment, ear plugs, 1 set (40) t 
replacement tubes and fuses. 

1 Chest CY-215/U Carries operating and test | 19” wd, 7” h, 19” d. 18* 
. (38) t 

1 Cord CG-100/U Anténna transmission line. 50’ lg, 13/32” diam. 6 

(50 ft. 0 in.) 
1 Cord CX-304/TPX Makes connections to Radar 
Set AN/TPL-1. 
1 Cord CX-159/TPX-1 Power. cable to bring a-c 72" Ig, 5/16” diam. 1 
; power to test set from 
transmitter-receiver. 
1 Cord CG-76/TPX-1 Metering cable to bring volt- | 72” lg, 5/16” diam. 1 


© Weight empty. t Weight loaded. 


ages and currents from 
transmitter-receiver to test 
set for metering. 





9, LIST OF COMPONENTS (cont'd) 


COMPONENTS OF RADAR SET AN/TPX-4 (cont'd) 


Ieee? At AMO rr (a A (A en dh Cd 


Cord CG-109/TPX-1 R-f test cable to bring trans- | 60” lg, 18/82” diam. 
mitter r-f output to test set 
for metering. 































































1 Cord CG-110/TPX-1 Test cable to bring i-f output | 60” lg, 3/16” diam. ig 
from test set to receiver for 
i-f alignment. 
1 Cord CX-596/TPX Power cable to bring a-c 
power to pilot lamp in re- 
mote antenna drive from 
transmitter-receiver unit. 
1 Cord CG-282/TPX Transmission line, connects 
antenna array to rotary 
. joint in antenna mast. 
1 Cord CG-242/U Jumper cable to bring an-| 22” lg, 13/32” diam. % 
tenna input from attenua- 
tor to receiver. 
1 Remote Antenna Drive Used to rotate the antenna 
RM-55 from operator’s position. . 
1 Attenuator Used to reduce transmitter; 1%” x1%”" x %”. Ye 
output power. Also forms 
junction block to connect 
transmitter and receiver to 
common antenna. 
1 Headset HS-80 with Cord} Used with Test Set 
CD-605 and _ Trans- TS-159/TPX Cord 108” lg, headset band 1 
former C-410 8” diam. | 
1 Tool equipment Used for assembly, installa- 4 
tion, and maintenance of 
Radar Set AN/TPX-4. 
2 Technical Manual 8%" x11” 2 
TM 11-1160 





Figure 5. Chests showing packing. 
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Figure 6. Transmitter-Receirer RT-48A/TPX-1 in case, front cieww. 


10. TRANSMITTER-RECEIVER RT-48A/TPX-1 
(Figs. 4, 6, and 7). 


a. The transmitter-receiver consists of a re- 
ceiver chassis and a transmitter and power sup- 
ply chassis bolted together to make a rigid two- 
decked unit. The assembly is mounted in an 
outer case. The front panels of the transmitter 
and receiver join to form a continuous front 
panel. The chassis are stacked so that the tubes 
are mounted on the inside surfaces; the bottoms 
(wiring sides) of the chassis are thus exposed 
wheh the unit is removed from the case. This is 
done to facilitate servicing, since most small 
parts and strategic connections are thus made 
readily accessible. The top and bottom of the 


—s 


two-decked unit are fitted with spring skids on 
which the unit slides into the outer case. 


b. The case for Transmitter-Receiver RT- 
48A-TPX-1 is an aluminum box 14!4 inches 
wide, 134% inches high, and 9!4 inches deep, 
painted olive drab. It is fitted on the inside with 
a shock-mounted frame into which the chassis 
unit slides. Captive screw fasteners hold the 
chassis unit in the frame. The case is water- 
proof and has a waterproof rubber-gasketed alu- 
minum cover. It is fitted with handles so that 
the transmitter-receiver is transportable in the 
case and no carrying chest is required. 


c. In operation the transmitter-receiver hangs 
on the right side (viewed from the front) of 
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Radar Set AN/TPL-1 on two hooks (fig. 4). 
Brackets are screwed to the rear of the trans- 
mitter-receiver case to engage the hooks. In 
operation the aluminum carrying cover is hinged 
out from the top. All external connections and 
tuning adjustments are made on the front panel. 
A canvas rain cover is provided to slip over the 
unit to make it rainproof while in operation. . 


d. The transmitter section consists of a syn- 
chronization amplifier, a pulse oscillator, a pulse 
modulator, and a grid-pulsed r-f power oscil- 
lator. The transmitter chassis contains high- 
voltage and low-voltage rectifiers and a filament 
transformer requiring power at 115 volts, 400 
cycles. 

e. The receiver section is a superheterodyne 
using two r-f stages, a high-frequency oscillator, 
a mixer stage, four i-f stages, a second detector 
and limiter, and two video amplifier stages. The 
sensitivity of the receiver is such that approx- 
imately 15 microvolts input is required to give a 
signal-to-noise ratio of 2 to 1. 


11. ANTENNA SYSTEM AS-134/TPX 


Note.—Some models of Radar Set AN/TPX-4 may be 
supplied with Antenna S — AS-96/TPX-1 instead of 
Antenna System AS-134/TPX, Refer to A ppentis 1 for 
information on Antenna Sys AS-96/TP 


Antenna System AS-134/TPX is =a of 
Antenna Assembly ‘AS- 109/TPX, Tower TR-29, 
Remote Antenna Drive RM-55, and the associ- 
ated cables and connectors. 


a. Antenna Assembly AS-109/TPX (Fig. 16). 
The antenna is a directional array composed of 
two folded vertical dipoles fed by a matching 
section. Three reflectors are mounted behind 
each dipole. The antenna is so constructed that 
it transmits and receives efficiently throughout 
the frequency range of the IFF equipment. All 
coaxial cable connections on the assembly are 
inclosed in polystyrene blocks. The antenna 
mounts on top of Tower TR-29. 


b. Tower TR-29 ¢Fig. 8). (1) The tower con- 
sists of a three-section 16-foot mast mounted on 
a triangular base and supported by three guy 
cables. The guy cables fasten to a floating-type 
bearing on the top mast section and are secured 
to the ground with screw-in type anchors. Three 
15-inch angle-iron stakes are supplied for use 
where the ground is not suitable for using the 
screw-in type anchors. The base is staked to the 
ground and has a hinge pin and wingnut for 
fastening the mast in place. 


(2) Rotation of the tower is controlled by 


Remote Antenna.Drive RM-55 through two 25- 
foot lengths of flexible drive cable which con- 
nects to a worm geaf drive in the bottom section 
of the mast. 

(3) A coaxial table, Cord CG-282/TPX, con- 
nects the antenna assembly (fig. 8) to the rotary 
coaxial joint in the bottom mast section. This 


- cable is inserted through a hole in the top mast 


section and travels down through the mast to the 
coaxial joint. 

c. Remote Antenna Drive RM-55 (Fig. 9). 
The remote drive is mounted on the right front 
side of Radar Set AN/TPL-1 by means of the 
mounting bracket packed in Chest CY-215/U. 
The flexible drive cable from Tower TR-29 con- 
nects to the rear of the drive unit. The azimuth 
indicating dial is located on the front of the 
drive unit and is turned by a crank on the side. 
The dial is illuminated by an a-c lamp mounted 
inside the unit. An a-c connector and switch 
for the dial lamp are on the rear of the unit. 
A knob, which provides zero adjustment for the 
azimuth indicating dial, is located under a cap 
on top of the drive unit. 


12. CORDS 


In addition to the cords required for normal 
operation, test cords as listed in paragraph 9 
are provided. These cords are used to connect 
the transmitter-receiver unit to the test set when 
making various tests and adjustments. The ma- 
jority of cords are packed in Chest CY-215/U; 
however, Cords CG-242/U, CX-596/TPX, and 
CG-282/TPX are packed with Antenna System 
AS-134/TPX. 


1% TOOLS AND ACCESSORIES (Fig. 10). 


a. A cloth roll containing tools and accessories 
is contained in Chest CY-154/TPX-1. 

b. The tools listed below are used for assembly, 
installation, and maintenance of Radar Set AN/ 
TPX-4. 

(1) One fiber aligning screwdriver. 

(2) One each 3/16-inch, 14-inch, 5/16-inch, 
11/382-inch, and 84-inch Spintite socket 
wrenches. 

(3) Two end wrenches, each 7/16 inch on one 
end and \% inch on the other end. 

(4) One gas pliers. 

(5) One long-nose pliers. 

(6) One screwdriver with 3-inch blade. 

(7) One screwdriver with 114-inch blade. 

(8) Two each No. 6, No. 8, and No. 10 Allen 
wrenches. 
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Figure 8. 





Tower TR-29 set up with Antenna Assembly AS-109/TPX in place. 
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Figure 9. Remote Antenna Drive RM-55. 


e. The accessories consist of plugs as described 
below. 

(1) One short-circuiting plug: Plug PL-259 
wired with the center conductor shorted to the 
plug body (ground). It is to be attached to the 
SYNC. OUT receptacle to “kill” the transmitter 
while the receiver operates (during trouble 
shooting). 


(2) One dummy load: Plug PL-259 with a 50- 





Figure 10. Radar Set AN/TPX-4, tools. 


ohm, 1-watt, carbon resistor connected between 
the center conductor and the plug body (ground). 
It is to be attached to the TRANSMITTER AN- 
TENNA receptacle in order to operate the trans- 
mitter without radiating a signal (during trouble 
shooting). The test set is normally used as a 
dummy load; this plug is for use if the test set is 
inoperative or not available. 
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Section III 


TEST EQUIPMENT 


14. TEST SET TS-159/TPX 
(Figs. 4, 11, 12, and 13). 


a. General. Test Set TS-159/TPX is a compact 
unit mounted on an aluminum chassis with alu- 
minum panel and inclosed in aluminum cabinet 
87/32 inches deep, 139/16 inches wide, and 
6 29/32 inches high. It is equipped with a re- 
movable antenna which is clipped to the top of 
the cabinet when not in use. Test Set TS-159/ 
TPX is used in conjunction with Transmitter- 
Receiver RT-48A/TPX-1 for testing, tuning, and 
aligning the IFF equipment. 

b. Functions. Test Set TS-159/TPX performs 
the following functions: | 

(1) RECEIVER TUNING. A crystal-cali- 
brated oscillator furnishes a very high-frequency 
signal to tune the r-f stages of the IFF receiver. 
The crystal oscillator itself is used with a fre- 
quency tripler to furnish a 30-mc signal for the 
i-f alignment of the IFF receiver. 

(2) TRANSMITTER TUNING. A crystal- 
calibrated oscillating detector is used as a wave- 
meter to measure and adjust the frequency of the 


IFF transmitter. Audio amplifiers furnish a de- 
tected signal which can be heard in the head- 
phones supplied with the test set, or which can 
be measured on the milliammeter in the front 
panel of the test set: 


(3) POWER MEASUREMENT. The test set 
provides a dummy load for use when measuring 
the IFF transmitter power. The transmitter 
output to the dummy load is detected and meas- 
ured by a vacuum-tube voltmeter and the reading 
on the test set milliammeter is converted to peak- 
power output by use of the chart in figure 23). 


(4) METERING. The 0-1 ma d-c meter in 
the front panel of the test set can be connected 
to the transceiver (transmitter-receiver) to 
measure important currents and voltages, or the 
meter can be used as an external 50- or 500-volt 
d-c 1,000-ohm-per-volt voltmeter. 

ce. Packing. Test Set TS-159/TPX is contained 
in Chest CY-154/TPX-1 together with Headset 
HS-30, the tool kit, ear plugs, and one set of 
replacement tubes and fuses. The test cords used 
with the test set are contained in Chest CY-215/U. 





Figure 11. Test Set TS-159/TPX, antenna and tuning chart down. 
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Figure 12. Test Set TS-159/TPX, antenna and tuning chart in operating position. 


15. HEADSET HS-30 


Headset HS-30 is a lightweight phone set used with Test Set TS-159/TPX. Impedance-matching 
Transformer C-410 is built into the 6-foot Cord CD-605. A clip is provided to fasten the transformer to 
the operator’s clothing. 
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Figure 13. Test Set TS-159/TPX, outline diagram. 





Chapter 2 
INSTALLATION 


16. PREPARATION FOR INSTALLATION 


a. Unpack the equipment with care and inspect 
it to see that the components have not been dam- 
aged during shipment. Check all components 
against the packing list. 

b. The following units are required at the op- 
erating site of Radar Set AN/TPX-4: 

(1) One Transmitter-Receiver RT-48A/ 

TPX-1. 
(2) One Antenna System AS-134/TPX. 
(3) One Chest CY-154/TPX-1 containing the 
following: 
(a) One Test Set TS-159/TPX. 
(6b) One Headset HS-30. 
(c) One set of tool equipment. 
(d) One set of spare tubes and fuses fo 
Radar Set AN/TPX-4. 
(e) One log book. 
(f) Five pairs of ear plugs. 


(4) One Chest CY-215/U containing the fol- 
lowing: 

(a) One Cord CX-304/TPX-1. 
(6) One Cord CG-100/U (50 ft. 0 in.). 
(c) Orfe Cord CG-242/U. 
(d) One Cord CX-159/TPX-1. 
(e) One transmitter output attenuator. 
(f) One Cord CG-76/TPX-1. 
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(g) One Cord CG-109/TPX-1. 

(h) One Cord CG-110 TPX-1. 

(t) Two mounting brackets for Trans- 
mitter-Receiver RT-48A/TPX-1. 

(j) One mounting bracket for Remote 
Antenna Drive RM-55. 


17. SELECTING A SITE FOR ANTENNA 
SYSTEM AS-134/TPX 


The antenna tower must be installed on a 
level site not more than 50 feet away from the 
radar shelter. Choose a point where the IFF 
antenna will least interfere with the radar sig- 
nals coming from the sector most likely to con- 
tain unfriendly aircraft (fig. 14). 


18. INSTALLATION OF ANTENNA SYSTEM 
AS-134/TPX 


a. Assembly of Tower. After the site has been 
located, assemble the tower in the following man- 
ner. 

(1) Fasten the base down with the three 
stakes provided. 

(2) Lay out three points, forming an equi- 
lateral triangle. Locate each point from the 
corners of the base a distance of six lengths of 
the anchor driving pipe. Screw in the anchors 
at these points. The anchors should lean in 
toward the base. 


se 
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Figure 14. Locating IFF antenna in relation to radar set. 
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Figure 16. Antenna Assembly AS-109/TPX attached to top of Tower TR-29. 


(3) Hinge the bottom section of the mast to 
the base with the hinge pin which is chained to 
the base. Lock the pin in place by turning the 
key in the end of the pin crosswise. 

(4) Put the center mast section and the top 
mast section together and tighten the clamping 
screws. 

(5) Push the coaxial cable (Cord CG-282/ 
TPX) through the hole in the top mast section 
until it goes through the center mast section. The 
end with the large connector should come out 
the bottom end of the center mast section. 

(6) Connect the coaxial cable connector to 
the connector at the top of the bottom mast sec- 
tion. 

(7) Slip the center mast section over the end 
of the bottom mast section and tighten the 
clamping screws. 

(8) Screw the waterproof fitting on Cord 
CG-282/TPX into the hole in the top mast sec- 
tion. 

(9) Raise the top end of the mast and support 
it on a chest or box. 

b. Assembly of Antenna. (1) Push the re- 
reflectors into the holes in the main support. 

(2) Fasten the center polystyrene block to the 
flat plate on the center of the main support with 


the captive wing screws in the block. The 
matching section should hang downward. 

(3) Fasten the dipoles to the main support 
with the dipole fasteners. These fasteners con- 
sist of a long hand screw inserted through a 
metal sleeve. 

(4) Install the antenna on the top mast sec- 
tion as shown in figure 16. Tighten the captive 
hand screw. 

(5) Connect Cord CG-282/TPX to the con- 
nector on the matching section. 


c. Tower Erection. (1) Snap the guy cables 
to the three rings on the floating-type bearing on 
the top mast section. 

(2) Fasten two guy cables to the anchors on 
either side of the tower. 

(8) Raise the tower to the vertical position 
and fasten the remaining guy cable to its anchor. 

(4) Tighten the mast at the ‘base with the 
hinged bolt and wingnut. 

(5) Extend the guy cable turnbuckles to their 
full length, and take up the slack by moving the 
snaps up on the chains. Then tighten the turn- 
buckles until all guy cables have equal tension 


but are not tight enough to cause the bearing to 
bind. 
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(6) Using the hand crank, turn the tower un- 
til the antenna is facing in the same direction as 
the radar antenna. 

(7) Loosen the screws in the ring above the 
azimuth dial on the bottom mast section. Rotate 
the ring until the azimuth reading is the same as 
the reading of the radar azimuth indicator. 
Tighten the screws. 

d. Installing Remote Antenna Drive. (1) Fas- 
ten the remote drive to the fixed bracket under 
the right front corner of Radar Set AN/TPL-1 
by means of the removable mounting bracket 
provided. 
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(2) Connect the two lengths of flexible drive 
cable together with the straight connector. Con- 
nect one end of the cable to the remote drive. 

(3) Using the right-angle connector, connect 
the other end of the cable to the worm gear drive 
on the tower. 

(4) The azimuth dial calibrated in mils 
should be used on the remote drive. If the 
wrong dial is installed, replace it as follows: 

(a) Unscrew the glass retaining ring by 
pressing down with the palm of the, hand and 
at the same time turning counterclockwise. If 
the retaining ring sticks, extra force may be 
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exerted by inserting nails in the holes on either 

side of the ring. 

(b) Remove the dial-light bezel that is in 
front of the azimuth dial. 

(c) Remove the four screws from the outer 
edge of the dial calibrated, and remove the 
dial. Put the calibrated dial in mils in its 
place and replace the screws. 

(d) Replace the dial-light bezel. 

(e) Replace the glass and ring removed in 
subparagraph (a) above. 

(5) Remove the cap from the knob on top of 
the remote drive. Push in on the knob and turn 
until the azimuth dial reads the same as the dial 
on the tower. Replace the cap. 


19. INSTALLATION OF TRANSMITTER: 
RECEIVER RT-48A/TPX-1 

a. Open Chest CY-215/U and remove the 
mounting brackets for Transmitter-Receiver RT- 
48A/TPX-1. 

b. Screw the mounting bracket and bumpers 
on the hooks provided on the side of Radar Set 
AN/TPL-1 (fig. 17). 


20. CORD CONNECTIONS (Fig 18) 


a. Obtain Cord CX-304/TPX-3 from Chest CY- 
215/U. Connect the main branch end. of this 


cord (Plug AN-3106-28-IP) to the receptacle 
marked IFF on the right side of the radar cab- 
inet. The four short arms of Cord CX-304/ 
TPX-3 which come out of the molded crotch are 
individually marked with the panel designations 
of the receptacles to which they connect. Con- 
nect the arm marked CONTROL to the CON- 
TROL receptacle on. Transmitter-Receiver RT- 
48A/TPX-1, and similarly connect the proper 
arm to the receptacles marked SYNC. IN, 
VIDEO OUT, and A.C. IN. 


b. Screw the transmitter power attenuator to 
the TRANSMITTER ANTENNA receptacle. 
Connect one end of Cord CG-100/U (50 ft. 0 in.) 
to the right receptacle on the attenuator, and 
connect the left receptacle to the RECEIVER 
ANTENNA receptacle with Cord CG-242/U. 
Connect the angle plug end of cord CX-596/TPX 
to the A.C.OUT receptacle. 


ec. Connect the straight plug end of Cord CX/ 
596/TPX to the a-c.receptacle on the remote an- 
tenna drive. Connect the remaining end of 
Cord CG-100/U (50 ft. 0 in.) to the coaxial con- 
nector at the bottom of the antenna tower. 
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Figure 18. Redar Set AN/TPX-4, interconnecting cording diagram. 
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Figure 19. Cord connections for normal operation. 
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Chapter 3 
OPERATION 


Section I 
PRELIMINARY ADJUSTMENTS 


21. GENERAL 


a.- The only adjustments required before oper- 
ating Radar Set AN/TPX-4 are to set receiver 
and transmitter frequency and to adjust the 
PEAK VIDEO control for satisfactory display. 
The PEAK VIDEO adjustment is made only 
when the equipment is first operated. The fre- 
quency adjustment should be checked daily or as 
directed by the person in charge. 

b. Radar Set AN/TPX-4 will operate on any 
frequency in the band from 157 to 187 mega- 
cycles, provided both receiver and transmitter 
are tuned to the same frequency. The frequency 
to be used will be specified by the person in 


ce. Unpack the following material. 

(1) One Test Set TS-159/TPX from Chest 
CY-154/TPX-1. 

(2) One Headset HS-30 from Chest CY-154/ 
TPX-1. 

(83) One Cord CX-159/TPX-1 from Chest CY- 
215/U. 

(4) One Cord CG-76/TPX-1 from Chest CY- 
215/U.. 

(5) One % inch hex socket wrench from the 

tool equipment in Chest CY-164/TPX-1. 

(6) One insulated screwdriver from the tool 

equipment in Chest CY-154/TPX-1. 

d. Before proceeding with the preliminary ad- 
justments of Radar Set AN/TPX-4, make sure 
that the method of reading the vernier dial on 
Test Set TS-159/TPX is clearly “understood. 


22. READING THE VERNIER DIAL ON TEST 
SET TS-159/TPX (Fig. 20). 

Mounted on the top of the case of Test Set 
—TS-159/TPX is a tenting chart which specifies 
DETECTOR TUNING dial settings for various 
frequencies. In order to read tenths of each dial 
scale division, a vernier scale is mounted above 
the dial. The zero end of this scale is indicated 
by an engraving similar to an arrowhead. If it 
is desired to set the DETECTOR TUNING dial 
to approximately 2514, for example, only the 


arrow at the zero end of the vernier scale is used. 
Figure 20-D shows the arrow pointing to ap- 
proximately 251% on the dial scale. If it is de- 
sired, however, to determine more exactly where 
the dial in figure 20-D is set, find the mark on the 
vernier scale which lines up exactly with any line 
on the dial scale. Line 6 on the vernier scale is 
directly opposite an engraving on the dial scale; 
No other engraving on the vernier scale lines up 
exactly with any engraving on the dial scale. 
The dial setting in figure 20-D is therefore 25.6. 
The only time two engravings on the vernier 
scale both line up with marks on the dial scale 
are for settings with zero tenths, as 15.0, ‘25.0, 
92.0, etc. A setting of 25.0 is shown in figure 
20-B ; the vernier arrow lines up with 25 on the 
dial, and vernier 10 lines up with another line on 
the dial. Figure 20 shows four other examples 
of vernier dial settings to help the operator be- 
come familiar with vernier readings. 


23. CONNECTION AND CALIBRATION 
OF TEST SET TS-159/TPX 
a. Set the CHALLENGE switch to OFF. 
CAUTION.—Do not set the CHALLENGE 
switch to ON until directed to do so in the fol- 
lowing instructions. Never turn the IFF 
switch on unless the CHALLENGE switch is 

in OFF position. Always wait at least 30 

seconds after turning power ON before turn- 

ing the CHALLENGE switch ON. 

b. Connect Cord CX-159/TPX-1 from the A.C. 
OUT receptacle on the transmitter-receiver to the 
A.C. IN receptacle on Test Set TS-159/TPX. In- 
sert the threaded end of the test set antenna 
vertically into the hole marked ANTENNA and 
screw it into place. 

e. Throw the IFF switch on. Check to see that 
the IFF circuit breaker is up. Throw the LINE 
SWITCH on the test set to ON. 

d. Calibrate the test set as follows: 

(1) Allow 1 minute for the test set to warm 
up. Set the METER SWITCH in TRANS. 
FREQ. position. Set the DETECTOR SWITCH 
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Figure 20. Reading a vernier dial. 


to the left (OSC.) position. Turn the PHONE 
GAIN control about halfway up and plug in the 
headset. Select the harmonic of 10 megacycles 
(i.e., 160, 170, 180, or 190 megacycles) nearest 
the desired operating frequency and from the 
tuning chart for the test set determine the proper 
DETECTOR TUNING dial setting. Carefully 
tune the DETECTOR TUNING knob near this 
dial setting and listen in the. headset for an 
audible beat note. The PHONE GAIN control 
may be adjusted for a comfortable level. 

(2) If the beat occurs within one-half dial 
division of the setting given on the tuning chart, 
the DETECTOR TUNING calibration may be 
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considered satisfactory. If the beat occurs more 
than one-half dial division off the calibration set- 
ting, insert the insulated screwdriver in the slot- 
ted bakelite hub visible through the hole marked 
DETECTOR CALIBRATION on top of the unit 
and turn the hub until the beat occurs within a 
few tenths of a division of the calibration set- 
ting. The meter on the test set will deflect up- 
ward as the beat is tuned in. If the headset is lost 
or damaged, this deflection can be used for cali- 
bration. The CHALLENGE switch should always 
be in OFF position during the calibration opera- 
tion to avoid interference from the transmitter. 
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Figure 21. Radar Set AN/TPX-4, approximate calibration of tuning dials. 


HEE a 
SSSSSESSs esses 0 ss cesses 


Sire re 
secessucsas 


o'r Fi «es a8 
See weSet e4GuBaauts 
an VN SESsGsaseee se 
s a 
sea porte] 
Besscese 
s 
sae 
*o- - 


s Siisiinnssninsinintine’ ost 
~ 
, 


pie teties tits yes tits tig 
s 


S268 66008 Seeeeeneue 
sea po tet tort i tists 
s SGGa6 Seee8 60068 
Se2ee2ee864s SGeeneneece 
set. Seeeeeenns 
S6eee08 Saeeecesas 
- ‘= r 
. ms 
sueces 
Seuss ceaseaecas 
Seeee seeecuases 


Tune 


ce. Set the CHALLENGE switch to ON. 


the DETECTOR TUNING dial on the test set for 
mum response occurs at a DETECTOR TUNING 


a maximum response on the meter. If the maxi- 
dial setting off the desired operating frequency, 
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carefully retune the TRANSMITTER FRE- 


QUENCY dial on the transmitter-receiver until 
the maximum test-meter response occurs exactly 
on the desired frequency. Then lock the TRANS- 
MITTER FREQUENCY dial. :Throw the CHAL- 
LENGE switch OFF to make sure the meter re- 
sponse is caused by the transmitter and not some 
other signal. The meter needle should swing back 
toward zero. 


ADJUSTMENT 


a. Set the METER SWITCH on Test Set TS- 
159/TPX to TRANS. FREQ. and the DETEC- 
tuning chart determine the exact DETECTOR 


TUNING dial setting for the desired operating 
frequency and set the dial to that point. Rotate 


the antenna so that the beam is pointed at the 


TOR switch to NON-OSC. From the test set 
operating site. 


24. TRANSMITTER FREQUENCY 


e 
settings. 


fa 


osition of 
antenna 


e 


th 


y radiation from 


found, move the 


the test set several feet or more. Try rotating 


for best pick-up. 


that it receives very little ener 
because of wave reflections. I 


g is not 


equency 


clear maximum readin 


Note.—The transmitter frequency acuement depends 
position 


on energy reaching the test set antenna 
the transmitter antenna. The test set may sometimes be 


located in such a 
at the desired fr 


b. Figure 21 shows the approximate settings 
of the RECEIVER-OSCILLATOR and TRANS- 


MITTER FREQUENCY dials on the transmit- 
ter-receiver for the frequencies in Mark III IFF 


a. Place the CHALLENGE switch in the OFF 
25 


position. 
b. Turn the RECEIVER-OSCILLATOR dial 


on the transmitter-receiver to approximately the 


correct position (par. 24b), 
ce. Connect Cord CG-76/TPX-1 from the ME- 


TERING receptacle on the transmitter-receiver 
to the TRANSCEIVER METERING receptacle 


25. RECEIVER FREQUENCY ADJUSTMENT 
on the test set. 


sponding to 170 mc in figure 21. This vertical 
line intersects the slanted transmitter line at 3.8 
on the horizontal line scale marked transmitter 


dial setting at the right in figure 21. Turn the 
receiver line at 3.05 on the horizontal line scale 


figure. Turn the RECEIVER OSCILLATOR dial 


corresponding to 170 mc intersects the slanted 
on the transmitter-receiver to 3.05. 


example, look up along the vertical line corre- 
TRANSMITTER FREQUENCY dial on the 
transmitter-receiver to 3.8. The vertical line 


band. If the frequency to be used is 170 mc, for 


d. Set the METER SWITCH on the test set to 


TRANSCEIVER METERING and the METER- 
ING SWITCH on the transmitter-receiver to 
DIODE CURR. 


e. Set the DETECTOR switch on the test set 
to OSC. 


f. Turn the DETECTOR TUNING dial on the 
test set to the desired frequency. This dial set- 
ting must be the same as for tuning the trans- 
mitter. 

g. Turn the IFF GAIN control to maximum. 


h. Tune the RECEIVER-OSCILLATOR dial 
on the transmitter-receiver for a maximum read- 
ing on the test-set meter. Check to make sure 
that the receiver is being tuned to the signal 
from the test set and not to some external, or 
interference signal, by turning the DETECTOR 
switch on the test set to NON-OSC. position. The 
meter indication should disappear. If the meter 
goes off scale during the tuning, reduce the IFF 
GAIN setting until an on-scale reading is ob- 
tained for the maximum. Lock the RECEIVER- 
OSCILLATOR dial. 


i. Using the 34-inch hex socket wrench adjust 
the ANTENNA, R.F., and MIXER tuning adjust- 
ments on the transmitter-receiver for maximum 
meter reading; reduce the RECEIVER GAIN as 
required. The equipment is now tuned and ready 
for operation. Snap the test set LINE SWITCH 
to OFF or put the DETECTOR switch in the 
NON-OSC. position. (Any strong c-w signal 
such as that from the oscillating test set will 
saturate the receiver video output.) 


Note.—If there is insufficient pick-up to find the test set 
‘signal with the RECEIVER-OSCILLATOR dial, remove 
Cord CG-242/U from the RECEIVER ANTENNA rece 
tacle and connect Cord CG-110/TPX-1 to the receptacle. 
ance the test clip end of the cord near the test set antenna 

proceed as directed. When the set is approximately 
sligrod. Cord CG-242/U may be replaced and there will be 
ample pick-up to complete the alignment. 


26. CHECKS AND ADJUSTMENTS USING 
A-SCOPE 
a. Set the IFF GAIN at maximum and the 
radar range at 30,000 yds. Turn CHALLENGE 
switch ON. The A-scope display should show the 
IFF main pulse and one or more ground echoes. 
IFF responses may also be observed. (All IFF 


signals display below the lower baseline.) The 
deflection of the main pulse should be about 1 
inch. If it is considerably different, it may be 
adjusted by the PEAK VIDEO control on the 
transmitter-receiver. (This control is adjusted 
with a screwdriver and is normally covered by a 
screw cap.) 


b. The transmitter tuning may be checked by 
selecting a weak ground echo, preferably one 
with about 14-inch deflection. If no such echo 
is found, reduce IFF GAIN until a strong echo 
is reduced to this level. Carefully tune the 
TRANSMITTER FREQUENCY dial for maxi- 
mum height of the echo image. Keep reducing 
the RECEIVER GAIN as necessary to keep the 
echo deflection less than about 34 inch; otherwise 
the video limiter will prevent tuning by this 
method. If the original tuning was properly 
done, the ground echo maximum will be found 
at the original setting. If the test set is inoper- 
ative or not available, this method can be used 
for tuning both receiver and transmitter, al- 
though it cannot put them on any predetermined 
frequency. 


ec. Set the radar range to 60,000 yds. and ad- 
vance the IFF GAIN control to maximum. If any 
friendly planes are within range of the radar, 
IFF responses should be observed (fig. 3). The 
response will break the display baseline. This 
break is a useful way of finding weak responses 
obscured by noise. Increase the radar gain and 
search for echoes. Follow the radar azimuth set- 
ting with the IFF antenna. As each echo is dis-. 
played on the A-scope, watch directly below it for 
an IFF response. Note that the IFF response ap- 
pears to start its deflection at the range of the 
radar echo. 


d. The equipment should now be in satisfactory 
operation. Remove the cords from the A.C. OUT 
and METERING receptacles on the transmitter 
receiver. Replace the front cover, swing down 
the cover support arms, and close the cover until 
it rests against the extended arms. If oper- 
ational and weather conditions require the equip- 
ment to be covered, slip the canvas rain cover over 
the unit. 





Figure 22. Transmitter-Receiver RT-48A/TPX-1 mounted on Radar Set AN/TPL-1, 
operating condition, rain cover off. 
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Section II 


TECHNICAL OPERATION 


27. STARTING PROCEDURE 


a. Turn on Radio Set AN/TPL-1 as described 
in TM 11-1352. 

b. Throw the CHALLEN GE switch to the OFF 
position. 

e. Throw IFF switch on. Watt at least 30 sec- 
onds before throwing CHALLENGE switch ON. 


28. OPERATING PROCEDURE 

a. Search for aircraft. Follow the radar azi- 
muth setting with the IFF antenna by turning the 
crank on the new remote antenna drive to obtain 
the same azimuth dial reading as that indicated on 
the radar azimuth indicator. When a target is 
found which requires identification, locate and 
hold the target on the A-scope. Turn ON the 
CHALLENGE switch and advance the IFF con- 
trol to full gain or the highest gain at which noise 
does not exceed 14 inch. If the aircraft is friendly, 
the IFF response will appear as a downward de- 
flection starting at the range of the radar echo 
(fig. 3). As soon as identification is made, turn 
OFF the CHALLENGE switch. 

Note.—Identification by IFF equipment depends upon 
the presence of the spe riate airborne equipment in the 
plane to be identified. F only oe in certain regions 
sar not carry the airborne IF F equipment, and those 


which are properly equipped have the option of turning the 


I © 2 j 


condition of the IFF equipment by the a ce 
ying pulses from planes definitely known to be 
friendly. 

b. The beamwidth of Antenna System AS-134/ 
TPX is approximately 45° in the horizontal plane; 
therefore, friendly aircraft at the same approxi- 
28 


mate range as the radar target may display IFF 
responses near the radar target, despite the fact 
that they may be in slightly different: directions. 
For this reason it is essential that the operator 
learn to recognize the exact appearance of a radar 
echo and an IFF response. The IFF response al- 
ways appears to start at the range of the radar 
echo (fig. 3). Where many friendly aircraft are 
in operation, enemy aircraft may be identified as 
friendly unless care is taken to observe each re- 
sponse closely. 

Note.—When Antenna System AS-96/TPX-1 is supplied 
instead of Antenna System AS-184/TPX, it is essential 
that the operator learn to associate an IFF response with 
its particular radar echo since the radiation pattern of 


Antenna System AS-96/TPX-1 is non-directional and the 
effect mentioned above is greatly inc 


e. Friendly aircraft can be identified by the 
following response characteristics: 


| (1) The responses are brief flashes (appearing 
on the A-scope for only about 14 second). 

(2) Responses appear once every 214 seconds 
(approximately), except for blanks in the coding 
cycle, when approximately 5 seconds elapse be- 
tween the responses preceding and following the 
blank. 


(3) The coding sequence conforms to the plan. 
specified by the person in charge. 
Note.—Refer to table of codes in sub-paragraph 5f(8). 


29. STOPPING PROCEDURE 


To stop the IFF equipment, throw the IFF 
switch to off. 





Chapter 4 
ROUTINE EQUIPMENT PERFORMANCE CHECKS AND LOG 


30. GENERAL 

Chapter 5 of TM 11-1352, the technical operation manual for Radar Set AN/TPL-1, describes 
the Equipment Performance Log for Radio Set AN/TPL-1. These log sheets will also be used 
to record over-all performance of Radar Set AN/TPX-4. For all general information on the pur- 
pose, procedures, and use of the Equipment Performance Log, refer to section I, chapter 4 of 
TM 11-1352. 


Note.—If Radar Set AN/TPX-4 is used with equipment other than Radio Set AN/TPL-1, refer to the technical opera- 
ace lag alternate equipment for all general information on the purpose, procedures, and use of the Equipment 
erformance Log. | 


31. USE OF RADAR LOG SHEET FOR IFF OPERATION 

The Equipment Performance Log sheets provided with Radar Set AN/TPL-1 have only one 
item which is applicable to the operation of the IFF equipment. Items 23, 29, and 30, however, 
are blank on the radar log sheet and may be used in conjunction with a supplementary form (par. 
33) as an equipment performance log for Radar Set AN/TPX-4. The supplementary form will be 
prepared by the operating personnel. 
32. IFF ITEM ON RADAR LOG SHEET 

a. Item 9 on the radar log sheet requires that the 400-cycle line voltage be maintained at 115 
+ 5 volts. This item is pertinent to the normal operation of the IFF equipment; the IFF test 
readings (par. 33) will have more meaning, however, if the 400-cycle a-c voltage is adjusted for 
115 volts during the period when these readings are being taken, 

b. In order to adapt the radar log sheet for use with the IFF equipment, enter the items indicated 
below in the blanks for items 23, 29, and 30. Entries should be made for these items three times 
daily. If the daily operating period is less than 3 hours, only two entries should be made. 


Range of Farthest Target a ae (K Yd) 
IFF Equipment OS CO) 
80 TF Feat Readings Oe 


ITEM 23, RANGE OF FARTHEST IFF TARGET 









Sample Entry. 


[25 | Range of Farthest IPF Tarot [11] <) | wkv® |e] 6] 


Log Entry. Enter in the log space the range in thousands of yards of the farthest IFF target 
detected since the last set of entries was made. If no entry can be made, enter an asterisk (*) in the 
log space and explain under NOTES. 


ITEM 29, IFF EQUIPMENT 
Sample Entry. 


29 | IFF Equipment | ( )  [ ¢ ) | OK-N*) [OK OT OK TN 


Log Entry. Enter OK if the IFF equipment is operating normally; enter N* if it is not. The IFF 
equipment is operating normally if the following conditions exist: 

a. With the IFF GAIN control fully on and the radar range switch on 30,000 yards, the IFF 
main pulse gives a l-inch deflection on the A-scope, and the ground echoes are normal. 

b. The transmitter is properly tuned. 

ce. An IFF response is obtained from friendly planes within the range of the radar set. 
Corrective Measures. 

a. If the IFF main pulse does not produce a 1-inch deflection on the A-scope for the test setting, 
adjust the PEAK VIDEO control (par. 26a) for proper deflection. 

b. If the transmitter is not properly tuned, adjust the TRANSMITTER FREQUENCY DIAL 
for maximum response (par. 26b). 

ce. Adjust the IFF GAIN control to bring in IFF responses. 


Note.—No routine method is provided for absolute measurement of receiver gain; the operator’s judgment is relied 
on to detect progressive loss of gain. Unless a great deal of man-made noise is present, a normal receiver will produce 
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about % inch of noise (grass) on the A-scope with the IFF GAIN control fully on. A normal receiver has sufficient 
gain to identify any friendly target which can be seen on the A-scope. If distant friendly targets can be detected but 
not identified, make note in the Work-To-Be-Done book to trouble shoot the equipment at the next shutdown period. 


ITEM 30, IFF TEST READINGS 
Sample Entry. 


30_| IPF Tost Readings [i 1 [| (©) | KN) [OK | OK] 


Log Entry. Enter OK if the IFF test readings are normal as determined by entries in the supple- 
mentary log (par. 33) ; enter N* if any are not. 


33. SUPPLEMENTARY IFF LOG 

The sample entries below show the suggested form for the home-made supplementary IFF log 
sheet to be made up by the operating personnel. These entries are to be made three times daily, 
just prior to making the entry for item 30 on the radar log. 
Sample Entries. 


30a IFF Peak Power 
306 IFF USC. CURR:-CHALLENGE OFF 
30¢ IFF OSC. CURR.-CHALLENGE ON 
30d IFF OSC. VOLT.-CHALLENGE OFF 
30e IFF OSC. VOLT.-CHALLENGE ON 
Of IFF MOD. CURR.-CHALLENGE OFF 
| 309 | IFF MOD. CURR.-CHALLENGE ON 


[30h |  IFF MOD. VOLT.-CHALLENGE OFF 
| 830i. | | IFF MOD. VOLT..CHALLENGE ON 


| ITEM 30a, IFF PEAK POWER 

Log Entry. Enter the peak-power output (in watts) in the log space. Place an asterisk (*) 
after the reading entered if the power is not normal. The power output may vary with different 
frequencies but usually will be between 400 and 700 watts. After the equipment is once tuhed to a 
specific frequency and the power output recorded, later readings should not vary greatly from the 
original reading. The lower tolerance limit of 400 watts is only a typical limit. The terrain near a 
particular installation may make this figure either too high or too low. The person in charge of the 
installation should decide what the exact lower limit is. The lower limit of peak-power output is the 
power which enables the operator to identify a friendly aircraft detected by the radar set. As the 
2C26 tube ages, power output declines, but as long as the output is sufficient to identify aircraft in 
the radar range, is it unnecessary to change tubes or engage in other trouble shooting. The infor- 
mation to be entered in the log for item 30a is obtained as follows: With power connected to the 
test set, place the CHALLENGE switch in the OFF position and snap on the IFF switch on the 
rear panel of the radar set. Throw the LINE SWITCH on the test set to ON. Remove the trans- 
mitter power attenuator from the TRANSMITTER ANTENNA receptacle on the transmitter- 
receiver and connect one end of Cord CG-109/TPX-1 to this receptacle. Connect the other end of 
Cord CG-109/TPX-1 to the TRANSMITTER DUMMY LOAD receptacle on Test Set TS-159/TPX 
and set the METER SWITCH on the test set to TRANS. POWER. Turn the CHALLENGE switch 
to the ON position and read the milliammeter on the test set. Jot down the reading on a note pad, 
return the CHALLENGE switch to OFF, and connect the attenuator to the TRANSMITTER 
ANTENNA receptacle on the transmitter receiver. Perform the above steps as quickly as possible, 
since the IFF equipment is off the air as long as the attenuator is disconnected. Use the chart (fig. 23) 
to convert the milliammeter reading to watts output. For example, if the reading was 0.48 ma, look 
up along the vertical line corresponding to 0.48 ma; this line intersects the heavy curved line at 
the horizontal line corresponding to 525 watts. Therefore the peak-power output is 525 watts. 


ITEMS 306 THROUGH 30i, IFF METER READINGS 
Log Entry. Enter the meter readings in the log space provided for each reading. Place an asterisk 
after the reading if it is not normal. Except for item 30b, no optimum values are given in the 
parentheses of the above table, and only a fairly typical value is given in the brackets. Equipment 
which is operating satisfactorily may give readings different from values shown in the brackets. Since 
the exact values of readings differ with different frequencies, different power units, etc., it is sug- 
gested that person in charge fill in parentheses from readings taken with a satisfactorily operating 
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Figure 23. Radar Set AN/TPX-4, peak-power conversion chart. 


equipment at the frequency assigned. A record 
showing that the readings are declining is use- 
ful for trouble shooting, because a steady decline 
of a particular reading points to deterioration of 
some circuit component. Do not decide that the 
equipment requires trouble shooting on the basis 
of these meter readings. The equipment requires 
trouble shooting only when it does not produce 
sufficient output to cover the 60,000 yard range 
(low power output), or when the receiver does 
not present responses from the entire 60,000- 
yard range with power output known to be high. 
The information to be entered in the log for 
items 30) through 2 is obtained as follows: Con- 
nect Cord CG-76/TPX-I from the METERING 
receptacle on the transmitter-receiver to the 
TRANSCEIVER METERING receptacle on 
Test Set TS-159/TPX. 


Note.—Cord CG-76/TPX-1 completes a circuit only 
when the test set METER SWITCH is in the TRANS- 
CEIVER METERING position. If this switch is placed in 
some other position, there is no need to disconnect the cord 
between tests. 


Throw the LINE SWITCH on the test set to ON. 
Turn the METER SWITCH on the test set to the 
TRANSCEIVER METERING position. Read- 
ings of OSC. CURR., OSC. VOLT., MOD. CURR., 
and MOD. VOLT. can then be made on the test 
set meter by selecting these positions on the 
METERING SWITCH of the IFF transmitter- 
receiver. Two readings should be made in each 
position of the METERING SWITCH, one with 
the CHALLENGE switch in the OFF (standby) 
position (items 30), d, f, and h in the supplemen- 
tary log), and the other with the CHALLENGE 
switch in the ON (operate) position (items 30c, 
e, g, and 2 in the supplementary log). 
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Chapter 5 


CONVERSION FOR TRAVEL 


- 34. DISASSEMBLING AND PACKING 


a. General. Whenever Radar Set AN/TPL-1 
is moved to a new location, Radar Set AN/TPX-4 
should be prepared for transport. This chapter 
describes the disassembly and packing of the 
various components of the IFF equipment. 


b. Removing Power. Disconnect Cord CX-304/ 
TPX-3 from the IFF receptacle of the radar 
equipment. After this is done, all other opera- 
tions can be performed in any sequence or simul- 
taneously. 

c. Dismantling Antenna System AS-134/TPX. 


(1) Remove Cord CG-100/U (50 ft. 0 in.) and 


the flexible drive cable, Cord MX<363/TPX, from. 


their connections on the antenna mast. 


(2) Disconnect the guy cables from the an- 
chors and loosen the wingnut at the base of the 
tower. Gently lower the tower until it.is sup- 
ported on a chest or box. 


(3) Disconnect Cord CG-282/TPX from the 
matching section and remove the antenna assem- 
bly from the tower. 


(4) Disassemble the antenna assembly. 


(5) Disassemble the mast and remove the 
bottom section from the base. 


(6) Remove the anchors from the ground by 
unscrewing and pull out the stakes in the tower 
base. 


(7) Disconnect Cord CX-596/TPX and the 
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flexible drive cable, Cord MX-363/TPX, from the 
remote antenna drive. 


(8) Remove Remote Antenna Drive RM-55 
from the radar set and remove the mounting 
bracket from the remote antenna drive. 


(9) Pack the disassembled parts of Antenna 
System AS-134/TPX in their original transit 
cases and bags. 


d. Disconnecting and Packing Cords. Remove 
all remaining cords, including the test cords, and 
pack in Chest CY-215/U. 


e. Packing Transmitter - Receiver RT - 48A/ 
TPX-1. Unhook the transmitter-receiver from 
the hanging bracket on Radar Set AN/TPL-1 
and unscrew the mounting brackets. Pack the 
mounting brackets in Chest CY-215/U. Fold 
the rain cover and place it against the transmit- 
ter-receiver panel. Then fasten the cover to the 
transmitter-receiver. The transmitter-receiver 
is then ready for transit with no futher packing. 


f. Test Set TS-159/TPX, Tools, and Log Book. 
Unscrew the test set antenna from its receptacle 
in the top of the test set and screw it under the 
clips after snapping the tuning chart down (fig. 
11). Pack the test set in Chest CY-154/TPX-1 
(fig. 5). Roll the tools in their cloth container 
(fig. 10) and pack in Chest CY-154/TPX-1 (fig. 
5). Wrap Headset HS-30 in paper to protect it 
from damage and pack it. and the log book in 
the same chest (fig. 5). 











PART TWO 
PREVENTIVE MAINTENANCE 


Chapter 1 
ROUTINE PREVENTIVE MAINTENANCE 


35. GENERAL 


a. Radar Set AN/TPX-4 is an accessory to 
Radar Set AN/TPL-1 and has only one major 
component, the transmitter-receiver. In perform- 
ing preventive maintenance on the equipment, 
Radar Set AN/TPX-4 is treated as a component 
of Radar Set AN/TPL-1. This part of the manual 
supplements TM 11-1452, the preventive mainte- 
nance manual for Radar Set AN/TPL-1. 


b. Consult chapter 1 of TM 11-1452 for the fol- 
lowing information: 

(1) Purposes, scope, and significance of pre- 
ventive maintenance. 

(2) Meaning of the feel (F), inspect (1), 
tighten (T), clean (C), adjust (A), and lubri- 
cate (L) operations. 


ce. Consult chapter 2 of TM 11-1452 for infor- 
mation on tool equipment and for descriptions of 
preventive maintenance techniques. 

d. The following paragraphs in this chapter 
schedule the performance of specific items of pre- 
ventive maintenance for Radar Set AN/TPX-4 
and describe procedure for performing items. 


36. PREVENTIVE MAINTENANCE SCHEDULE 
FOR ‘RADAR SET AN/TPX-4 

The following schedule tells when and what 
work is to be done; paragraph 38 tells how to do 
it. The schedule is based on the assumption that 
equipment is in operation 12 hours a day under 
average conditions. The person in charge should, 
at his discretion, schedule more frequent opera- 
tions in dusty or jungle locations, or reduce fre- 
quency of operation as experience indicates. 


PREVENTIVE MAINTENANCE SCHEDULE FOR RADAR SET AN/TPX-4 
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37. LUBRICATION CHARTS. 


The two charts shown below list all the lubri- 
cation data necessary for the routine lubrication 
of Radar Set AN/TPX-4. The first chart lists 
the types of lubricant used and gives the ap- 
proved symbol and specification number of each 
lubricant. The second chart is a summary of 
the lubrication information given in paragraph 
38. The numbers in the /tem No. column refer 
to the items in paragraph 38; the symbols in the 
Lubricant column are those listed in the first 
chart. 


LUBRICANTS USED 


Specification No. 


U. S. Army 2-104B 


Federal P-S-66la 


Oil, Lubricating, Pre- 


U.S. Army 2-120 
servative, Special 


Grease, Lubricating, Ord. Dept. AXS-637 





LUBRICATION CHART 
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Part Lubri- ( 
description cant quantity lubrication 
Control shaft | PS |Apply a few | Quarterly 

bearings drops to each 
bearing 
Potentiometer}] GL [Apply a thin | Quarterly 
coat to inside 
of each poten- 
tiometer 
trom grease 
gun to the Zerk 
GL |Apply to Zerk 
fitting with 
til grease ex- 
trudes from re- 


GL |Apply two shots 
fitting. 
grease gun un- 
lief plug hole. 


38. PREVENTIVE MAINTENANCE ITEM 
INSTRUCTIONS 


a. Preparing for Maintenance Work. In get- 
ting ready for maintenance activities, collect all 
the tools and materials that will be needed. Make 
the preparation as complete as possible. If the 
maintenance period for the IFF equipment is 
made to coincide with that for the radar equip- 
ment, no special layout of tools or materials will 
be necessary. The layout for radar maintenance 
is more than adequate for the IFF equipment. 
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b. Interchanging the Transmitter - Receiver. 

(1) A spare transmitter-receiver is furnished 
with Radar Set AN/TPX-4. To avoid needless 
interruption of operation, the semimonthly main- 
tenance items can be performed on the spare unit 
ai the most convenient time, and the units inter- 
changed twice a month. Thus, each unit will 
operate for half a month and will be idle for half 
a month, and each unit will have semimonthly 
maintenance performed on it once each month. 


(2) Some of the cord connectors must be de- 
tached during the interchange of transmitter- 
receivers. The interchange, therefore, provides 
a convenient occasion to perform preventive 
maintenance on these cord connectors. 

Note.— When disconnecting the cords before interchang- 
ing transm.tter-receiver units, always remove CORD CX- 


304-TPX-3 first. This is the cord to the IFF receptacle on 
the radar. 


ec. Items. 


(1) ITEM 1, EXTERIOR OF ALL 
COMPONENTS AND CORDS. 


(a) Preparatory Steps. No preparatory steps 
are required. This item can be performed while 
the equipment is in operation. Dp not discon- 
nect cords. 


(6b) Maintenance Procedure. 


I. INSPECT: 


1. The exterior of the transmitter-receiver 
and test set for dirt, rust, fungus, and 
dents in the cases. 

2. The cord connectors for looseness of mount- 
ing and connection. Tighten if necessary. 
Do not use a wrench on connector coup- 
lings. Use only the fingers when tighten- 

| iny cable connectors. 

3. The cords for worn, frayed, cracked, or 
broken insulation. 


. The cords for dirt, oil, grease, and fungus. 

. The cords for poor support and kinks. 

. The antenna mast assembly. Make sure 
the guy anchors have not loosened in the 


ground and that the assembly is firmly 
fixed in position. 


C. CLEAN: 


1. The exterior of all components and cords. 
Scrape off all rust and fungus. Clean the 
glass face of the test set milliammeter. 
Clean the test set antenna. 


2. Clean and paint all spots from which rust 
was scraped. 


PS GQ & 








(2) ITEM 2, AIR FILTER IN 
TRANSMITTER. 

(a) Preparatory Steps. Remove the screws 
holding the air filter frame to the panel of the 
transmitter and remove the filter. 

(6) Maintenance Procedure. 


CL. CLEAN the filter with dry-cleaning solvent 
(SD). The gasoline and oil used with 
Power Unit PU are satisfactory. Blow 
out excess oil by holding the filter in the 
air blast from power unit. Wipe the 
frame, and replace the filter. 


L. LUBRICATE the filter lightly with engine oil 
(OE). Blow out excess oil by holding filter 
in air blast from Power Unit PU-35/U. 


(3) ITEM 3, INTERCHANGE 
TRANSMITTER-RECEIVER 


(a) Preparatory Steps. Remove Cord CX- 
304/TPX-3/IFF from the receptacle on the ra- 
dar set; then remove ull other cords from the 
transmitter-receiver. 

(b) Maintenance Proce lure (Fig. 17). 

1. Unhook the transmitier-receiver from the 

hanging bracket on the radar set. 

2. Unscrew the mounting brackets. 

3. Set aside the transmitter-receiver which 

was taken out of service. 

4. Screw the mounting brackets on the trans- 

mitter-receiver which is going into service, 
and hang it on radar equipment bracket. 


(4) ITEM 4, CORD CONNECTORS. 


(a) Preparatory Steps. Remove all cord con- 

nectors from their receptacles. 

(b) Maintenance Procedure (Fig. 18). 

I. INSPECT: 

1. The connector bodies and pins. 

2. For rust, fungus, and moisture. Check for 
loose assembly of connector bodies. 
Tighten where necessary. 

C. CLEAN all parts of the connectors. Use cro- 
cus cloth or fine sandpaper if necessary ; 
then wipe all parts thoroughly. 

Note.—After completion of Item 5, reconnect all cords 

(par. 20, figs. 18 and 19) and put the IFF equipment back 

into service. 

(5) ITEM 5, INTERLOCK SWITCH IN 
TRANSMITTER. 


(a) Preparatory Steps. It is assumed that the 
transmitter-receiver unit being worked on is the 
unit that has been taken out of service; the cords 
have been disconnected and the unit has been re- 





Figure 24. Transmitter-Receirer RT-48A/TPX-1, 
front view, case removed. 


moved from the hanging bracket on the radar 
set as described under item 3 above. To re- 
move the chassis from the case (fig. 24), loosen 
the four bright nickel-plated, slotted, 34-inch, 
hex-head captive screws located just above and 
below the handles. Use the 34-inch hex Spintite 
socket wrench provided in the tool equipment. 
Pull the chassis un{t out of the case by pulling 
straight out on the handles. 


Note.—Never separate the two chassis for preventive 
maintenance work. 


(b) Maintenance Procedure (Fig. 74). 
I. INSPECT: 

1. The interlock switch 265 to be sure it clicks 
open upon removal of chassis from the 
case. This should always be checked im- 
mediately after removing the chassis from 
the case. Even though the power cord has 
been removed in this particular procedure, 
the habit of making this check will carry 
over to an occasion when this cord has not 
been removed. 

2. The interlock switch to make sure that a 
click is heard when depressing the actuat- 
ing spring and that another click is heard 
when the spring is released. 


(6) ITEM 6, TUBES AND TUBE SOCKETS 
IN TRANSMITTER. 

(a) Preparatory Steps. Remove transmitter- 
receiver chassis from case. Perform items 6 
through 13 consecutively during one maintenance 
period. 
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Figure 25. Transmitter-Receiver RT-48A/TPX-1, 
rear view, case removed. 


(b) Safety Precautions. Although the equip 
ment being worked on is presumed to have been 
disconnected for some time, personnel should 
form the habit of discharging capacitors before 
proceeding with other work. Turn the chassis 
over so that the bottom (wiring side) of the 
transmitter chassis is accessible. With a safety 
shorting bar, discharge capacitor 249 (fig. 73) 
by shorting across its two terminals. Then re- 
peat this procedure for capacitors 247-1, 247-2, 
and 248 (fig. 73). ° 

(c) Removing Tubes (Fig. 74). Remove the 
four tubes from the transmitter chassis. The 
6SN7GT tube requires no special method. The 
5U4G and the 2X2 tubes are held in place by 
spring washer clamps. To remove these tubes, 
press the spring washer clamp down against the 
chassis with one hand, and rock and pull upward 
with the other hand. An alternate method is to 
push down the clamp and hold the tube base with 
one hand, then push the tube out of the socket by 
pushing on the octal locating pin from the bottom 
of the socket with the 3, 16-inch Spintite wrench 
wrench in the tool equipment. (To replace these 
tubes, push the tube clamp down to the chassis 
and insert the tube.) After the 2X2 tube has 
been removed, remove the grid and plate caps of 
the 2C26 tube by pinching the small wings to- 
gether. This spreads the caps so that they may 
be lifted off (or replaced). Hold the tube with 
one hand and push on the locating pin from the 
bottom of the socket with the 3/16-inch socket 
wrench. 
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(d) Maintenance Procedure. 

C. CLEAN envelopes, base pins, and tube sock- 
ets with crocus cloth or fine sandpaper, for 
dirt, corrosion, and poor contacts. Take 
special care to insure that the top of the 
2C26 tube (between the plate and grid 
caps), and the base of the 2X2 tube, and 
the 2X2 tube socket are clean and free 
-from deposits which might create a high- 
voltage leakage path. Use dry-cleaning 
solvent to remove any oily deposit. 

A. ADJUST the tension of any socket contact 
spring not making good connection. 


Note.—Do not replace tubes after completion of item 6. 
Perform the maintenance required in the seven following 
items (7 through 13) before replacing tubes. 

(7) ITEM 7, TOP (TUBE SIDE) OF 
TRANSMITTER CHASSIS. 


(a) Preparatory Steps and Safety Precau- 

tions. See item 7 (a) and (6b) above. 

(b) Maintenance Procedure (Fig. 74). 

I INSPECT: 

1. The transformers 270 and 271, choke 280, 
and blower motor 268 for signs of over- 
heating. 

. The oil-filled capacitors 247-1, 247-2, 249, 
248 and 242 for leakage. (Capacitor 242 
is under the blower motor). 

3. The three tube caps and leads for dirt and 
improper soldering. Look for cracked or 
broken insulation on the lead wires and 
for corrosion and looseness of the connec- 
tion to the cap. 

4. The mounting of all parts for looseness ; the 
blower motor may have vibrated parts 
loose. Tighten where necessary. 

5. All connections for dirt, improper solder- 
ing, and looseness. 

6. The Jones plug contacts for dirt. Clean if 
necessary. 

C. CLEAN: 

1. The entire top of the transmitter chassis. 

2. The variable air capacitor with a small 
long-haired brush, removing all dust and 
lint. If dry compressed air is available, 
blow out dust and lint between plates. 

3. Capacitor 246 carefully, and all the parts 
near it. More than 2,000 volts appear 
across this capacitor during operation. 
Remove any greasy film with a dry rag to 
avoid the possibility of a high-voltage 
leakage path developing through accumu- 
lated dust and the moisture which dust 
absorbs. Dry all parts carefully. 


%© 








(8) ITEM 8, BOTTOM (WIRING SIDE) 
OF TRANSMITTER CHASSIS. 


(a) Preparatory Steps and Safety Precau- 
tions. See item 6 (a) and (b) above. 
(b) Maintenance Procedure (Fig. 73). 


I. INSPECT: 
1. The mounting of all parts for looseness (the 
blower motor may have vibrated parts 
loose) ; tighten where necessary. 
All connections for dirt, corrosion, improper 
soldering, and looseness. 
8. The oil-filled capacitors 247-1, 247-2, 249, 
248, and 242 for leakage. 
. The bodies of all resistors and capacitors 
for discoloration indicating overheating. 
5. The action of the METERING SWITCH. 
Make sure that it is operating properly. 

6. Variable air capacitor 243 for looseness of 

rotor. 

Note.—Capacitor 243 is adjusted at the factory. If the 
rotor becomes loose tighten the end bearing. If it is known 
that the rotor has moved, reset it for minimum capac.ty 
(rotor plates all the way out). Try not to disturb the set- 
ting and do not reset it unless it is known definitely that the 
rotor has moved. The factory adjustment is not necessar- 
ily minimum capacity, but in the absence of the specialized 


factory test eauipe ne minimum capacity is safest com- 
promise setting which field maintenance personnel can make. 


C. CLEAN: 

1. The entire bottom of transmitter chassis. 

2. Capacitor 243 with a small long-haired 
brush, removing all dust and lint. If dry 
compressed air is available, blow out the 
dust and lint between the plates. 

8. The cylindrical porcelain stand-off insulator 
(near capacitor 243, fig. 73) which posi- 
tions the bent flat metal strip (transmit- 
ter-oscillator inductance). 
greasy film with dry-cleaning solvent to 
avoid the possibility of an r-f leakage path 
developing through accumulated dust and 
moisture. Dry all parts carefully. 


(9) ITEM 9, OCTAL TUBES AND SOCKETS 
IN RECEIVER. 


(a) Preparatory Steps and Safety Precau- 
tions. See item 6 (a) and (b) above. 

(6) Removing Tubes (Fig. 64). Remove the 
nine octal-base tubes from the receiver chassis. 
These are six 6AC7 metal tubes, one 6V6GT/G 
tube, one 6H6GT/G tube, and one 6SL7GT tube. 
Special methods for removing the tubes are un- 
necessary. 

Note.—Mark the location of each 6AC7 tube so that each 


tube can be replaced in the socket from which it was re- 
moved. Otherwise it may be necessary to reali 


te 


oe 


gn receiver. 


Remove any 


(c) Maintenance Procedure. 


I. INSPECT envelopes, base pins, and tube sock- 
ets for dirt, corrosion, and poor contacts. 

C. CLEAN envelopes, base pins, and tubs sock- 
ets with crocus cloth or fine sandpaper. 

A. ADJUST tension of any socket contact spring 
not making good connection. 


Note.—Do not replace tubes after completion of Item 
9. Perform the maintenance required in the four follow- 
ing items (10 through 14) before replacing tubes. 

(10) ITEM 10, TOP (TUBE SIDE) OF 
-RECEIVER CHASSIS 


(a) Preparatory Steps and Safety Precau- 
tions. See item 6 (a) and (b) above. Do not at- 
tempt to remove the cover over the high-fre- 
quency oscillator section (behind the 955 tube). 

(b) Maintenance Procedure (Fig. 64). 

I. INSPECT: 

1. Transformer 170 for evidence of excessive 

heating. 

2. The oil-filled capacitors (142 and 146) for 
leakage. 

8. The mounting of all parts for looseness; 
tighten where necessary. 

4. All connections for dirt, improper soldering, 
and looseness. 

C. CLEAN: 

1. The entire top of the receiver chassis. 

2. The wiring side of the front panel recep- 
tacles. Moisture accumulates in dust and 
causes r-f leakage paths. 

$. All around the 955 tube and socket (do not 
remove tube unless absolutely necessary). 


(11) ITEM 11, BOTTOM (WIRING SIDE) 
OF RECEIVER CHASSIS 


(a) Preparatory Steps and Safety Precau- 
tions. See item 6 (a) and (b) above. Remove 
the six screws which fasten the cover over the 
r-f stages and remove this cover. 


Note.—Do not remove the three 956 tubes in the r-f sec- 
tion unless absolutely necessary. 


(b) Maintenance Procedure (Figs. 60 and 63). 


I. INSPECT: 


1. The mounting of all parts for looseness; 
tighten where necessary. 

2. All connections for dirt, corrosion, improper 
soldering, and looseness. 

8. The oil-filled capacitors 142 and 146 for 
leakage (fig. 60). 

4. The bodies of all resistors and capacitors 
for discoloration indicating overheating. 
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5. The action of the three adjustable tuning 
slugs. Tighten or loosen the antibacklash 
nut (fig. 63-F) as required. Do not dis- 
turb the setting of the tuning slugs. 


C. CLEAN the entire bottom of the receiver 
chassis. 


(12) ITEM 12, FRONT PANEL OF 
TRANSMITTER-RECEIVER 


(a) Preparatory Steps and Safety Precau- 

tions. See item 7 (a) and (b) above. 

(b) Maintenance Procedure (Fig. 6). 

I. INSPECT: hs 

1. The condition of all controls and receptacles 
on the front panel. Do not disturb the 
adjustments. Tighten setscrews when 
necessary. Tighten connector receptacles 
to the panel where necessary. 

2. The action of the locking devices for the 
RECEIVER OSCILLATOR and TRANS- 
MITTER FREQUENCY adjustments. 

3. The panel for loose mounting screws; 
tighten where necessary. 

4. The fuse for corrosion at the contacts. 

C. CLEAN: — 

1. The entire panel and everything on it. All 
parts of all connector receptacles must be 
clean and bright. 

2. Rust spots from handles and wipe them 
with an oily rag. 


(13) ITEM 13, TRANSMITTER- 
RECEIVER CASE 


(a) Preparatory Steps. The chassis is pre- 
sumed to be removed from the case. 
(b) Maintenance Procedure. 


I. INSPECT: 

1. The inside of the case for cracks or loose- 

ness of assembly. 

2. The rubber gasketing. 

C. CLEAN: 

1. The inside of the case. 

2. The outside of the case. 

Note.-—After completion of item 13, replace the cover 
over the r-f section, replace all tubes, taking care to put 
each 6AC7 tube in the socket from which it was removed, 
and fasten the chassis in the case. 

(14) ITEM 14, OCTAL TUBES AND 
SOCKETS IN TEST SET 


(a) Preparatory Steps. Remove the cords. 
Remove the antenna. Remove the six screws 
around the edge of the front panel. Remove the 
two elastic stopnuts and lockwashers from the 
back of case. Carefully withdraw unit from case. 
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(b) Safety Precautions (Fig. 84). Tip the 
chassis on its side to expose the bottom (wiring 
side). With the safety shorting bar, discharge 
capacitor 544-1 by shorting across its two ter- 
minals; then repeat this procedure for capaci- 
tors 544-2 and 544-3. 


(c) Removing Tubes (Fig. 85). Remove the 
five octal-base tubes from the test set chassis. 
These are three 6SL7GT tubes, one 6X5GT/G 
tube, and one VR150-30 tube.. No special meth- 
ods for removing the tubes are necessary. 

Note.—Mark the location of each 6SL7GT tube so that 
each can be replaced in the socket from which it was re- 
moved. Otherwise it will be necessary to realign the test 


set. Do not remove the 9006 tube or the 955 tube unless 
absolutely necessary. 


(d) Maintenance Procedure. 


I. INSPECT envelopes, base pins, and tube sock- 
ets for dirt, corrosion, and poor contacts. 


C. CLEAN envelopes, base pins, and tube sock- 
ets with crocus cloth or fine sandpaper. 


A. ADJUST tension of any socket contact spring 
not making good connection. 

Note.—Do not replace tubes after completion of item 14. 
Perform the maintenance required in the three following 
items (15 through 17) before replacing tubes. 

(15) ITEM 15, TOP (TUBE SIDE) 
OF TEST SET CHASSIS 


(a) Preparatory Steps and Safety Precau- 
tions. See under item 14 above. Remove shield 
over the oscillating detector circuit by removing 
six screws from top and six screws from back 
plate. 


(b) Maintenance Procedure (Fig. 85). 


I. INSPECT: 


1. Transformer 570 for evidence of excessive 
heating. 

2. The oil-filled capacitors 543, 544-1, 544-2, 
and 544-3 for leakage. 

§. The mounting of all parts for looseness; 
tighten where necessary. 

4. All connections for dirt, corrosion, im- 
proper soldering, and looseness. Check 
the meter binding-post nuts. 

5. The crystal-holder contacts. Remove the 
crystal holder and examine the contact 
prongs. They should be clean and bright. 
Replace the crystal holder. 

6. The action of the METER SWITCH. Make 
sure that it is operating properly. 

7. The air tuning capacitor 545 for smooth 
firm action. See that the rotor and stator 
plates do not touch. 





C. CLEAN: 

1. The entire top of test set chassis. Be careful 
not to disturb setting of capacitor 546. Do 
not turn slotted bakelite hub above it. 

2. The variable air capacitor with a small 
long-haired brush, removing all dust and 
lint. If dry compressed air is available, 

“blow out dust and lint between plates. 

8. The socket of the 955 tube and all the parts 
in the oscillating detector section to avoid 
the possibility of an r-f leakage path 
through accumulated dust and moisture. 


(16) ITEM 16, BOTTOM (WIRING SIDE) 
OF TEST SET CHASSIS 


(a) Preparatory Steps and Safety Precau- 
tions. See item 15 (a) and (b) above. Remove 
the shield from the 9006 tube by pressing to- 
ward the panel and twisting slightly. The shield 
is held on in a manner similar to the way a 
bayonet-base pilot bulb is held in its socket. 

(b) Maintenance Procedure (Fig. 84). 

I. INSPECT: 

1. The mounting of all parts for looseness; 

tighten where necessary. 

2. All connections for dirt, corrosion, improper 

soldering, and looseness. 

3. The oil-filled capacitors 544-1, 544-2 and 

544-3 for leakage (fig. 84). 

4. The bodies of all resistors and capacitors 

for discoloration indicating overheating. 

5. Variable air capacitors 548-1 and 548-2 for 

looseness of rotor. 

Note.—These capacitors are adjusted at the factory. Do 
not disturb the settings. If the rotors are accidentally 
moved, the test set wiH have to be realigned as described 
in part three of this manual. 

6. The action of controls 504 and 507. The 

action should be free and smooth. 
C. CLEAN: 
1. The entire bottom of the test set chassis. __. 
2. Capacitors 548-1 and 548-2 with a. long- 
haired brush, removing all dust and lint. 
If dry compressed air is available, blow 
out the dust and lint between the plates. 

8. Around the 9006 tube, without removing the 

tube, if possible. 

4. The inside of the 9006 tube shield. 

(17) ITEM 17, FRONT PANEL OF TEST SET 

(a) Preparatory Steps and Safety Precau- 
tions. See item 14 (a) and (b) above. 

Note.—Do not disassemble the vernier dial or remove it 


from the panel. Otherwise the entire calibration will have 
to be done over. 


(b) Maintenance Procedure (Fig. 12). 
I. INSPECT: 

1. The condition of all controls and receptacles 
on the front panel. Tighten setscrews 
when necessary. Tighten connector re- 
ceptacles to the panel when necessary. 

2. The panel for loose mounting screws. 
Tighten cap where necesssary. 

3. The fuses for corrosion at the contacts. 

C. CLEAN: 

1. The glass face of the meter. 

2. Thedial. Remove all rust spots. Polish the 
rotating dial scale and the vernier scale 
so that the engravings are clearly visible. 
Wipe with oily rag. 

3. The entire front panel and everything on it. 
All parts of connector receptacles must be 

_ clean and bright. Remove rust spots from 
handles and wipe them with an oily rag. 

A. ADJUST the meter pointer to zero. 
Note.—After completion of item 17, replace cover over 
the 9006 tube. Replace cover over the oscillating detector 
section. Replace all tubes, taking care to put each 6SLTGT 


tube in the socket from which it was removed. Clean inside. 
of case and fasten chassis in case. Reconnect for use. 


(18) ITEM 18, CONTROL-SHAFT 
BEARINGS AND POTENTIOMETERS 
(a) Preparatory Steps and Safety Precau- 

tions. See under items 5 and 14 above. Re- 
move potentiometer covers by prying them loose 
with a knife or small screwdriver. The covers 
snap on and off. Work only on those parts of the 
transmitter-receiver which can be reached with- 
out separating the two chassis and on all acces- 
sible parts of the test set. 

Note. When trouble shooting requires more disassem- 
bly than is permitted for preventive maintenance, the 
trouble shooter should clean and lubricate those parts 
which cannot be reached during preventive maintenance. 

(6b) Maintenance Procedure. 
C. CLEAN: 

1. Shaft bearings and shafts. 

2. Inside of potentiometers. 
L. LUBRICATE: 

1. All shaft bearings with just a few drops 

of oil (PS). 

2. Inside of potentiometers with grease (GL) ; 

apply only a thin coat. 


(19) ITEM 19, ANFENNA SYSTEM 
(Figs. 8 and 16) 

(a) Preparatory Steps. Disconnect the guy 
cables and loosen the wingnut at the base of the 
tower. Gently lower the mast until it is resting 
on a chest or box. 
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(b) Maintenance Procedure. 
. INSPECT: 


1. All cords for cracked, frayed, broken, or 
worn insulation. 

2. The cord mountings for looseness; tighten 
if necessary. 

3. All connectors for dirt, corrosion, and mois- 
ture accumulation. 

4. The entire antenna system for dirt, rust, 
looseness of assembly, and bent or broken 
dipoles or reflectors. 

5. The remote drive system for smoothness of 
action and freedom from binding. (This 
should be done before the antenna mast is 
lowered.) 


T. TIGHTEN: 
1. All joints and fastenings. 
2. The guy cables if necessary. 


a. 


40 


C. CLEAN: 
1. The entire antenna system. 
2. All connectors. 


L. LUBRICATE: 


1. Worm gear in lower mast section. Apply 
two shots of grease (GL) to the Zerk 
fitting in the lower mast housing. 


2. Guy cable attachment bearing in upper 
mast section. First remove the relief plug 
located on the side of the collar opposite 
the Zerk fitting; then apply grease (GL) 
to the fitting until the grease extrudes 
from the relief plug hole. Wipe off excess 
grease and replace plug. 


Note.—Upon completion of item 19, erect the antenna 
system as described in paragraph 15c. 








Chapter 2 
MOISTUREPROOFING AND FUNGIPROOFING 


39. MOISTUREPROOFING AND FUNGI- 
PROOFING RADAR SET AN/TPX-4 


a. General. The operation of Signal Corps 
equipment requires special attention in tropical 
areas where temperature and relative humidity 
are extremely high. The following items repre- 
sent problems which may be encountered in op- 
eration ; 

(1) Resistors, capacitors, coils, chokes, trans- 

former windings, etc., fail. 

(2) Electrolytic action takes place in resistors, 
coils, chokes, transformer windings, etc., 
causing eventual break-down. 

(3) Hook-up wire and cable insulation break- 
down. Fungus growth accelerates de- 
terioration. 

(4) Moisture forms electrical leakage paths 
on terminal boards and insulating strips, 
cauaing flash-overs. 

b. Treatment. A moistureproofing and fungi- 
proofing treatment has been devised which, if 
properly applied, provides a reasonable degree of 
protection agamst fungus growth, insects, corro- 
sion, salt spray, and moisture. The treatment in- 
volves the ase of a moisture- and fungi-resistant 
varnish applied with a spray gun or brush. Refer 
to TB Sig. 13, Moistureproofing and Fungiproof- 

ing Signal Corps Equipment, for a detailed de- 
scription of the varnish-spray method of mois- 
tureproofing and fungiproofing and the supplies 
and equipment required in this treatment. 


CAUTION. — Varnish spray, may have 
toxic effects if inhaled. To avoid inhaling 
spray, use respirator if available; otherwise 
fasten cheesecloth or other cloth material 
over nose and mouth. 


ce. Step-by-Step Instructions for Treating 
Transmitter-Receiver Unit RT-48A/TPX-1. (1) 
PREPARATION. Make all repairs and adjust- 
ments necessary for the proper operation of the 
equipment. 
‘2) DISASSEMBLY. 
(a) Loosen catches holding cover to case. 
(b) Remove cover from case. 
(c) Loosen the four screws around edges 
of front panel. 
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Figure 26. Transmitter-Receiver RT-48A/TPX-I, rear 
oblique view, tubes removed and chassis propped for 
convenient spraying. 


(dq) Remove chassis from case. 

(e) Do not remove the shield which cov- 
ers the r-f and mixer stages from 
the bottom (wiring) side of the re- 
ceiver chassis until after this side 
of the chassis has been sprayed 
with lacquer. 

(f) Remove tubes 6SN7, 6AC7, (six), 

 6V6, 6H6, 6SL7, 5U4G, 2X2, and 
2C26. 

(g) Clean all dirt, dust, rust, fungus, oil, 
grease, etc., from the equipment to 
be processed. 


(3) MASKING. 

(a) Mask all octal tube sockets on bottém 
side of receiver chassis (fig. 27-A 
through -I1). : 

(6) Mask all octal tube sockets on bottom 
side of transmitter chassis (fig: 28 
-A, -B, -C). 

(c) Mask metering switch on bottom side 
of transmitter chassis (fig. 28-D). 
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Figure 27. Transmitter-Receiver RT-48A/TPX-1, receiver chassis, bottom view, spray 
coat epplied and r-f{ section cover removed for brush-cuating. 
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Figure 28. Transmitter-Receiver RT-48A/TPX-1, transmitter chassis, bottom view, 


ready for spraying. 
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(d) Mask ceramic bushings of capacitor 
249 on bottom side of transmitter 
chassis (fig. 28-E). 


(e) Mask ceramic bushing near metering 
switch on bottom side of transmit- 
ter chassis (fig. 28-F). 


(f) Mask antenna tuning capacitor 243 
on bottom side of transmitter chas- 
sis (fig. 28-G). 


(g) Mask ceramic bushing on bottom side 
of transmitter chassis where lead 
is brought through for connection 
to cap of 2X2 tube (fig. 28-H). 


(4) DRYING. Place equipment in oven or 
under heat lamps and dry for 2 to 3 
hours at 160°F. 


(5) VARNISHING. 


(a) Apply three coats of moisture- 
proofing and fungiproofing varnish 
(Lacquer, Fungus-resistant, Spec. 
No. 71-2202 (Stock No. 6G1005.3) 
or equal). 


(6) Spray all unmasked surfaces on bot- 
tom side of receiver chassis. 


CAUTION. — Do not allow spray to flow 
through cut-outs on chassis to blower-motor 
vents on top of the transmitter chassis. 


(c) Remove the shield from the r-f sec- 
tion of the receiver chassis and 
brush-coat resistors, textile-covered 
wiring, and all phenolic materials 
in this section. Touch up with the 
brush all these items in the rest 
of the receiver-chassis bottom that 
were not covered completely by 
spraying. 


(d) Brush-coat all textile insulated wir- 
ing and phenolic materials on top 
of both the transmitter and receiver 
chassis. 

Note.—It is not necessary to separate the two chassis to 
brush-coat ithe ten (tube) sides. Reach in with the brush. 

(e) Spray all unmasked surfaces on the 
bottom (wiring) side of the trans- 
mitter chassis. 


CAUTION.—Do not allow spray to flow 
through cut-out of chassis to variable tuning 
capacitor on top of transmitter chassis. 
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(6) REASSEMBLY. 
(a) Remove all masking tape. 
(6) Clean all contacts with varnish re- 
mover and burnish the contacts. 
(c) Reassemble the set and test its op- 
eration. 


(7) MARKING. Mark the set with “MFP” 
and the date of treatment. 


EXAMPLE: MFP — 8 June 1944. 


d. Step-by-Step Instructions for Treating 
Test Set TS-159/TPX. 


(1) PREPARATION. Make all repairs and 
adjustments necessary for the proper 
operation of the equipment. 


(2) DISASSEMBLY. 


(a) Remove the six screws from around 
edges of front panel. Remove two 
elastic stop nuts and lock washers 
from the back of the case. 


(6) Remove chassis from case. 


(c) Remove the 10 screws from shield 
over variable tuning capacitor on 
top of chassis. 

{d) Remove shield. 

(e) Remove crystal from top of chassis. 


(f) Remove three screws holding meter 
on front panel. 


(g) Remove nuts and washers from ter- 
minals of meter. 


(hk) Remove meter from chassis. 


(1) Replace nuts and washers on termi- 
nals of meter. 
’ (j) Replace the three screws from meter 
on front of chassis: 
(k) Clean all dirt, dust, rust, fungus, oil, 
grease, etc., from the equipment to 
be processed. 


(8) MASKING. 


(a) Mask all octal tube sockets on under 
side of chassis (fig. 29-A through 
-E). 


(b) Mask two variable capacitors (548-2, 
548-1) on under side of chassis 
(fig. 29-F, -G). 














Figure 29. Test Set TS-159/TPX, bottom view, showing masking. 
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Figure 30. Test Set TS-159/TPX, top view, with shield, 
erystal and meter removed. 


(4) DRYING.. Place the test set in oven or 
under heat lamps and dry for 2 to 3 
hours at 160°F. 

(5) VARNISHING. 

(a) Apply three coats of moisture- 
proofing and fungiproofing varnish 
(Lacquer, Fungus-resistant, Spec. 
No. 71-2202 (Stock No. 6G1005.3) 
or equal). 

(6) Brush-coat all resistors, phenolic ma- 
terials, and wiring on top of 
chassis. 

(c) Spray all textile-insulated wires, 
phenolic terminal boards, and un- 


masked surfaces on bottom of 
chassis. 


(6) REASSEMBLY. 
(a) Remove all masking tape. 


(6) Clean all contacts with varnish re- 
mover and burnish the contacts. 


(c) Reassemble set and test its operation. 


(7) MARKING. Mark the set with “MFP” 
and the date of treatment. 
EXAMPLE: MFP — 8 June 1944. 


PART THREE 


SERVICE 
Chapter 1 


THEORY OF THE OPERATING EQUIPMENT, 
RADAR SET AN/TPX4 


Section I 
CIRCUIT DIVISIONS AND CHARACTERISTICS 


40. GENERAL 


a. Part Three of this manual is a guide to 
trouble shooting Radar Set AN/TPX-4. The 
chapters are as follows: 

(1) Theory of the operating equipment, Radar 
Set AN/TPX-4. This chapter presents 
the theory of all components of Radar 
Set AN/TPX-4 except the test set. 

(2) Theory of Test Set TS-159/TPX. 

(3) General trouble-shooting information. 

(4) Trouble-shooting the operating equip- 
ment, Radar Set AN/TPX-4. 

(5) Trouble-shooting Test Set TS-159/TPX. 

(6) Maintenance parts list. 

b. Both the operating equipment and the test 
set are divided into systems for purposes of 
theory analysis; each system is a circuit division 
which has a particular function in the over-all 
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equipment operation. Division into systems helps 
to localize trouble. The trouble shooter first de- 
termines what function is not being performed, 
thus isolating the trouble to the defective system. 
The search for the defective circuit element is 
then confined to this particular circuit division. 


41. SIMPLIFIED BLOCK DIAGRAM (Fig. 31) 


Functionally, the operating components of Ra- 
dar Set AN/TPX-4 may be divided into seven 
major circuit divisions (systems) as described 
below. 

a. Synchronizing System. A_ synchronizing 
pulse from the radar set is fed to the synchroniz- 
ing system. This pulse is amplified, reshaped, 
and fed to the transmitting system. The syn- 
chronizing system also includes circuits which 
limit the IFF repetition frequency to below 750- 
1,000 pps (pulses per second), even if the radar 
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Figure 31. Redar Set AN/TPX-4, simplified block diagram of the opereting equipment. 
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verts line voltage from the radar set to low and 
high B plus voltage, bias voltage, and a-c filament 
voltage. 

f. Control System. With the controls provided 
for the IFF in the radar set, the radar operator 
may do the following: 


synchronizing pulse has a recurrence rate ex- 
ceeding 750-1,000 pps. (When used with Radar 
Set AN/TPL-1, repetition frequency is 400 pps.) 

b. Transmitting System. The pulse from the 
synchronizing system is amplified by the trans- 


mitting .system, converted to a pulse of v-h-f 
energy, and fed to the antenna through the 
attenuator. 

ec. Antenna System. The antenna system radi- 
ates the interrogating r-f pulse. The reply pulse 
from the airborne transpondor in a friendly air- 
craft is picked up by the antenna and fed to the 
receiving system. 

d. Receiving System. The received r-f pulse 
from the antenna is fed to the receiver in which 
it is amplified and detected. The resulting video 
pulse is amplified, limited, further amplified, and 
fed to display unit of radar set for observation. 

e. Power-Supply System. The power required 
by operating components of Radar Set AN/TPX-4 
is supplied by power-supply system which con- 


(1) Apply or cut off line voltage to the power 
supply (IFF switch). 

(2) Apply or cut off bias voltage to the trans- 
mitter and video circuits. The bias volt- 
age stops the operation of the IFF 
equipment without allowing the tubes to 
cool (CHALLENGE switch). 

(3) Control gain of receiver (IFF GAIN con- 
trol). 

y. Metering System. The metering system is a 
switching arrangement by which the operator 
can select currents in various circuits and pass 
them through the 0-1 ma meter in the test set. 
The current and voltage indications thus ob- 
tained are useful in checking, adjusting, and 
trouble shooting the operating equipment. 





42, GENERAL FEATURES AND TECHNICAL CHARACTERISTICS 


RANGE calories 
Maximum: 222235520 oh osc e cee Aico ecu. aan oat (a rey .) with aircraft at 10,000 feet. When used with Radar 
L-1, the maximum range is limited to the maximum 
ae car ie A-scope sweep, which is 60,000 yds. 
PRN MW ss oe he eee! 1 mile except in terrain so mountainous that the ground echo blankets 
the return pulse from a nearby friendly aircraft. 
PCCUPBCY 22S oe eee etl Seca: Depends on radar Get Secures, The total IFF Geley? may arf Mage 
| cause the leading edge of the IFF response to fev ica ith 
respect to the Be echo (fig. 3), but the operator soon learns where 
to expect the IF'F pulse to appear. 
Determination -_...-.----------+-----~----. os range of adjacent radar echo (fig. 3) on the radar 
-8C0 
AZIMUTH: en 
PYOVISIONS Soosce osu eee Shc eee cu eee Directional antenna. (Not useful for accurate azimuth determination.) 
Determination of Direction.....-...-.---~--. By determining direction of adjacent radar echo. 
ELEVATION: | 
PYOVISIONS 22 oe ek eee ces None. 
EIGHT: 
Maximum | jo sosheccceesseSce anne asses. No practical limitations. 
MiniMum: 2250 occ Hoc seeeesecoceae No practical limitations. 
Determination ~........~...----.--._-~-~-. No provisions. 
TYPE OF PRESENTATION: edict tees ate —— A scope of radar set (fig. .8). 


OPERATING RANGES 


on ra 
1 has two ranges, 30,000 yards and 60, 


aie 


A-scope sweeps. The A-scope of Radar Set AN/ 
yards. 


FREQUENCY: ~~~ ~....--.--------------.-. 157-187 me. 

WAVELENGTH: ~_-_._-.-_~----- ~~. 1.91-1.60 meters (75-3/16 to 68% inches). 

BUILDINGS AND TOWERS: ~~. -.--------. er ray nents cxeer* a antenna 8 . Aa housed in the radar 
en tenna is moun wichita e of tent. 

PACKING BOXES: -_------__ ao --------+---- Four transit cases and one transi 

DIMENSIONS OF SITE: ~------------~.~~--- Dimensions of tent depend on the for set. 

ASSEMBLY TIME: u-....--.--.----...~.--- Approximately 15 minutes with trained crew. 


SYNCHRONIZING SYSTEM 


PULSE RECURRENCE FREQUENCY: 
Synchro by Radar Set /TPL-1___..- 
General aes 


AD ES ES EP Sp EP > GSP GES Geb CP ES EP GP ES OS ES ES Ge OW GY A SS SS GP OS Oe OS a oe oe a 
’ 


s pps (pulses per second) 


ing system will not count down under 750 pps., but will 


“count down over 1,000 pps. (The difference is manufacturer’s tol- 


SYNCHRONIZATION PULSE REQUIRED: _-10° to to 160 volts peak;.time of rise less than 1 microsecond. Pulse width 
1-5 microseconds. . : 
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42. GENERAL FEATURES AND TECHNICAL CHARACTERISTICS (cont'd) 
TRANSMITTING SYSTEM 


PEAK POWER: From transmitter Through attenuator 
Maximum: ....-...----- 1,000 watts. 100 watts. 

MM iviimum oj oe oe es ~- 500 watts. 50 watts. 

Usual ~~~ esate aces 500-750 watts. 50-75 watts. 
AVERAGE POWER: 

Maximum —....~.. ~~~. 8 watts. 0.8 watts. 

Minimum 2.222 oe ees cncecns 0.44 watts. 0.05 watts. 

CO ii ea ek 1.2-2.4 watts. 0.12-0.24 watts. 
PULSE WIDTH: ~—----~--~----- ~~~... 5-8 microseconds. 


ANTENNA SYSTEM 
TRANSMISSION LINE TO ANTENNA: -__.-. 0.410inch (approx. 18/82-inch) coaxial cable, 52-chm, AN type RG- 


RECEIVING SYSTEM 


SENSITIVITY: —.-----------..--.--..-...-. Less than 15 microvolts input oe for 2:1 ee ratio. 
IN cont eee tone eee wea eee es ees: Over 60 volts peak video oops t for 15 microvolts input. 

BANDWIDTH: —=....~---..-.-_---- 4 mc at half-voltage poin 

INTERMEDIATE Tees ae renee 80 me 

VIDEO PEAK LIMITER: __-...._..-_....--. Adjustable from less than 35 volts to over 70 volts. 
POWER-SUPPLY SYSTEM 

PRIMARY POWER REQUIRED: .._--------. 175 va (approx. 175 watts) at 115 volts, 400 cycles. 

H-V RECTIFIER OUTPUT: ~....-...__.-_-. 2.500 volts. 

L-V RECTIFIER OUTPUT: ~____....-__--... 800 volts operating, 210 volts stand-by. 

STAND-BY BIAS OUTPUT:________________. 100 volts. 


Section II 
SYNCHRONIZING SYSTEM 


43. INTRODUCTION 


a. Function of Synchronizing System. The syn- 
chronizing system performs the following two 
functions: 

(1) It triggers the IFF transmitter system 

one eight-hundreth second after the 
radar transmitter fires. 


(2) It limits the repetition rate of the IFF 
transmitter to below 1,000 pps even if 
the associated radar equipment has a 
pulse recurrence rate higher than 1,000 
pps. 


b. Location of Synchronizing System. The syn- 
chronizing circuits and the two tubes used by the 
circuits are located on the receiver chassis. 


44. BLOCK DIAGRAM OF SYNCHRONIZING 
SYSTEM (Fig. 32) 


The three stages of the synchronizing system 
are shown in block diagram form in figure 82. 
The synchronizing pulses from the radar set are 
applied to the sync (synchronizing) amplifier 


stage where they are amplified, amplitade lim- 


ited, and inverted. The output pulse is coupled 
to the pulse oscillator stage which.further ampli- 
fies the pulse and reshapes it. The pulse oscil- 
lator output is fed to the pulse amplifier and to 
the repetition limiter stage. The repetition limiter 
acts on the sync amplifier to limit the repetition 
rate to a maximum of 1,000 pulses per second. 


45. SYNCHRONIZATION AMPLIFIER (Fig. 33) 


a. Positive synchronizing pulses from the radar 
set are applied to both the control grid and the 
suppressor grid of tube 131-5 through coupling 
capacitor 148-1. Resistors 119-2 and 112 form a 
voltage divider from B plus to ground which is 
tapped by the cathode at the 33-volt point. How- 
ever, the operating point of the tube allows a 
high average plate current to flow, which raises 
the average cathode potential to 90 volts. This 
potential is also applied to the control grid and 
the suppressor grid through grid leak resistor 
119-1. 

b. The tube operates near saturation, and the 
gain for low inputs is increased by the connec-. 
tion of the suppressor to the control grid. There- 
fore the stage acts as a limiter, producing ap- 
proximately the same output for all inputs from 
10 to 150 volts. 

ec. The plate of tube 131-5 is directly connected 
to the plate of the pulse oscillator tube 134. Posi- 
tive pulses applied to the grid of tube 131-5 
appear as negative pulses on the plate of the 
pulse oscillator and, by coupling through the 
pulse transformer 170, appear as positive pulses 
on the grid of the pulse oscillator. The pulse 
oscillator determines the shape and duration of 
the final pulse to the transmitter. The leading 
edge of the output pulse from the synchroniza- 
tion amplifier is all that is needed to trigger the 
pulse oscillator. 





Figure 32. Transmitter-Receiver RT-48A/TPX-I1, synchronising system, block diagram. 











Figure 33. Transmitter-Receiver RT-48A/TPX-1, synchronizing system, 


functio 


46. PULSE OSCILLATOR (Fig. 33) 


a. The pulse oscillator, one triode section of 
tube 134, is connected as a blocking oscillator. 
When the power is applied, plate current begins 
to flow. This current rise through the plate 
winding of the blocking oscillator transformer 
170 induces a high voltage in the grid winding. 
The connections from the transformer are such 
that the induced voltage is positive at the grid 
end of the transformer. This positive voltage fur- 
ther increases the plate current, which in turn in- 
creases the positive potential on the grid (pin 1). 
This cumulative action continues until either plate 
current saturation of the tube or magnetic satu- 
ration of the transformer is reached. During the 
action, the positive grid potential causes grid 
current to flow and charges capacitor 144 to a 
high potential making the grid end of the capaci- 
tor negative with respect to ground. The ef- 


fective resistance in series with the capacitor is 


the sum of the resistance of the internal grid- 
cathode path, r-f choke 175, the grid winding of 
the transformer, and resistor 107-2. With the 
grid positive, the total effective resistance is low 
and the charging time of the capacitor is short. 


When saturation is reached, no voltage is induced | 


in the grid winding, and only the capacitor volt- 
age is effective in the grid circuit. Since the 
capacitor voltage is much greater than the value 
necessary for the plate current cut-off, the grid 
cuts off the plate current abruptly. The dis- 
charge path of the capacitor is through resistor 


115-2, 500,000 ohms, and the capacitor discharge - 
time is far greater than the charge time (RC =. 


1,950 microseconds). The plate current remains 
cut off until the capacitor discharges to the cut- 


schematic diagram. 


off potential of the tube, at which time plate cur- 
rent again flows and the cycle repeats. The free 


running repetition rate of the pulse-oscillator is 


thus determined by the values of capacitor 144. 
and resistor 115-2, and is 175 pulses per second. 

b. When synchronizing pulses are applied to 
the primary of pulse transformer 170 by the sync 
amplifier tube, a positive pulse appears on the 
grid of the pulse oscillator tube. Even though 
the voltage on the grid due to the potential on 
capacitor 144 is below tube cut-off, the addition 
of the positive sync pulse instantly raises the 
grid above cut-off, then the plate current starts 
to flow and the blocking-oscillator cycle starts. 
With sync input, therefore, the recurrence rate 
is determined by the sync recurrence rate rather 
than by capacitor 144 and resistor 115-2. | 

ce. Pulse output is taken across cathode resistor 
107-2 and is applied both to the transmitting sys- 
tem and to the repetition limiter. 


47. REPETITION LIMITER (Fig. 83) 


a. The other triode section of tube 234 func- 
tions as a repetition limiter for repetition rates 
above 1,000 cycles. Pulse output from the pulse 
oscillator is fed to the grid (pin 4) through 
coupling capacitor 148-2. The plate is connected 
to the screen of sync amplifier tube 1381-5. 

b. Between pulses, capacitor 149 is charged by 
B plus voltage through resistor,119-3 (RC = 
4,000 microseconds). During the positive pulse 


from the pulse oscillator, the plate-to-cathode re- 


sistance of the repetition limiter, tube is very 
small and capacitor 149 discharges rapidly as 
high plate current flows through the tube. The 
screen voltage of tube 181-5 is thereby lowered. 
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When the pulse is completed, the screen voltage 
of tube 131-5 rises as capacitor 149 is charged 
from B plus through resistor 119-3. 

ce. The cathode of tube 181-5 is kept at approxi- 
mately 90 volts above ground (par. 45a). When 
the screen voltage of tube 131-5 is lowered by the 
pulse of plate current in tube 134, the actual 
screen to cathode voltage goes negative, cutting 
off tube 181-5. The time constant of capacitor 
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149 and resistor 119-8 is so selected that it takes 
from about 1,000 to about 1,880 microseconds for 
the screen voltage to rise to a point where the 
tube will operate. This characteristic automati- 
cally limits the maximum pulse repetition rate to 
between 750 and 1,000 pulses per second. If syn- 
chronizing pulses are applied at higher rates, the 
synchronization amplifier can only respond to 
alternate pulses, that is, it divides frequency. 





Section im 
TRANSMITTING SYSTEM 


48. BLOCK DIAGRAM OF TRANSMITTING 
SYSTEM (Fig. 34) 


The transmitting system consists of a pulse 
amplifier, a modulator, and an r-f power oscil- 
lator (fig. 34). “Positive pulses from the syn- 
chronizing system are applied to the pulse ampli- 
fier, one section of tube 234, where they are am- 
plified and inverted. The output of the pulse 
amplifier is coupled through a transformer to 
the modulator, which is the second section of tube 
284. The negative pulses of the pulse amplifier 
are inverted by the transformer so that positive 
pulses are fed to the modulator. The positive out- 
put pulse from the cathode of the modulator is 
fed to the r-f power oscillator (transmitter) 
which produces the v-h-f pulse. 


49. PULSE AMPLIFIER AND MODULATOR 
(Fig. 85) 


a. Tube 234 has its first triode section arranged 
as a pulse amplifier, transformer-coupled to the 
second section which is connected as a cathode- 
follower modulator. The output of the pulse os- 
cillator is coupled by capacitor 244 to the grid 
(pin 1) of the first triode section of tube 234. 
The grid resistor 200 returns to a point which is 
at 100 volts negative when the set is not chal- 
lenging, to cut off the amplifier on stand-by. With 
CHALLENGE switch ON, resistor 200 is re- 
turned to ground. 

b. The output of the first triode section of tube 
234 is coupled through transformer 274 to the 
grid of the second section. The transformer is 
required to reverse the polarity of the negative 
pulses so as to place positive pulses on the modu- 
lator grid. The modulator output from the cath- 
ode (pin 6) is used to grid modulate the r-f 
power oscillator. 


ce. A current divider consisting of resistors 202 
and 208 is used to separate part of the modulator 
cathode current so that it can be metered on a 
1-milliampere meter. This circuit is discussed in 
greater detail in paragraph 70. 


50. TRANSMITTER OSCILLATOR (Fig. 35) 


a. Tube 281 is used in a shunt-feed r-f power 
oscillator circuit. The hairpin tank coil is tuned: 
by capacitor 245, the TRANSMITTER FRE- 
QUENCY control, ‘to cover the 157 to 187 mega- 
cycle band. The oscillator output is inductively 
coupled to the antenna circuit through a pick-up 
loop in series with capacitor 243. Capacitor 2438 
does not resonate the loop to the operating fre- 
quency. It is factory adjusted to tune the loop to 


‘a frequency above the operating band. This ad- 


justment, together with the close.coupling of the 
loop, permits operation over the entire band 
without antenna tuning or coupling adjustments. 
Capacitor 243 is locked at the factory and should 
never need field adjustment. 

b. Cathode current is metered by measuring 
the d-c voltage across resistor 209 with a 1-milli- 
ampere meter, using resistor 208 as a multiplier. 
This circuit is discussed in greater detail i in para- 
graph 68. 

ce. The grid is siilned through r-f isolating re- 
sistor 212 and choke 272-4. In the IFF position 
of the challenge switch, the cathode of tube 231. 
returns to plus 300 volts through r-f choke 272-3 
and resistor 209; the grid is returned to the 
cathode of the modulator which is only about 14 
volts positive between pulses. Therefore there is 
approximately 286 volts of cut-off bias on tube 
231. During the pulse, the modulator cathode 
voltage is raised to nearly 300 volts, overcoming 
the bias on tube 231 and permitting it to oscillate. 





Figure 34. Transmitter-Receiver RT-48A/TPX-1, transmitting system, 
block diagram. 
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Figure 35. Transmitter-Receiver RT-48A/TPX-1, transmitting system, 


functional schematic 


d. In the OFF position of the CHALLENGE 
awitch, the 300 volts B plus drops to 210 volts. 
This would reduce the bias on tube 231 from 286 
volts to only 196 volts; the oscillator might then 
be triggered by random noise pulses. To prevent 
this, both the grid and the cathode of the modu- 
lator tube are returned to a point which is 100 
volts negative when the switch is in the OFF 
position. This does not alter the bias on the 


modulator tube, but it does place 86 volts nega- 
tive instead of 14 volts positive on the grid of 
the transmitter oscillator tube 231. With the 
cathode at 210 volts positive and the grid at 86 
volts negative, the total bias for tube 231 is 296 
volts. By this mcans the bias is actually in- 
creased by 10 volts instead of being reduced 
when the CHALLENGE switch is placed in the 
OFF position. 








Section IV 
ANTENNA SYSTEM 


51. THEORY OF ANTENNA SYSTEM AS-134/ 
TPX 


a. Matching Antenna to Transmitter-Receiver. 
Because a common antenna is used for both 
transmitting and receiving, it is necessary to 
provide a means of reducing the transmitter 
power loss in the receiver and the received sig- 
nal Joss in the transmitter. This is accomplished 
by the length of the coaxial line (T-R line) .be- 
tween transmitter output and receiver input. 

(1) When the transmitter is operating, some 
of the. r-f energy is applied to the input tube of 
the receiver. This energy causes the tube to draw 
a large amount of grid current; as a result a 
low impedance is placed across the receiver end 
of the T-R line. The length of this line is such 
that this low impedance appears as a high im- 
pedance at the transmitter end of the line. Since 
the impedance of the T-R line is much higher 
than the impedance of the antenna coaxial cable, 
the power from the transmitter will be delivered 
to the antenna rather than to the receiver. 

(2) The receiver presents its normal impe- 
dance to the line during the time the transmitter 
is not operating. Under this condition, the 
transmitter end of the T-R line matches the im- 
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Figure 36. Transmitter attenuator: (1) Antenna connec- 
tions; @) Receiver connections. 
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TL-49906 
Figure 37. Transmitter attenuator, schematic diagram. 


pedance of the r-f cable from the antenna, while 
the output impedance of the transmitter is much 
higher. Therefore the received signal is then fed 
to the receiver rather than to the transmitter. 

(3) An attenuator (figs. 36 and 37) is sup- 
plied with Radar Set AN/TPX-4 to reduce the 
power reaching the antenna from the transmit- 
ter. Less power is required because Antenna 
System AS-134/TPX is directional; that is, the 
antenna radiates the major portion of its power 
in the direction in which it is facing. With non- 
directional antennas in other installations the 


transmitter-receiver is used without the attenu- 


ator. 

b. Antenna. (1) The two folded dipoles aré 
fed in parallel by a 104-ohm balanced line which 
is made up of two 52-ohm coaxial cables. Since 
the impedance between the center conductor and 
the outer conductor of each cable is 52 ohms, and 
the outer conductors are connected together, the 
series impedance between the two center conduc- 
tors is 104 ohms. 

(2) The opposite sides of the balanced 104- 
ohm line are fed 180° out of phase by means of 
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MATCHING 
SECTION 


Figure 38. Antenna Assembly AS-109/TPX, diagram of 
ref connections. 


a matching section (fig. 88). The matching 
section is a loop of coaxial cable, one wavelength 
long, fed at a point one-quarter wavelength from 
one end. Therefore the voltages produced at 
points A and B are 180° out of phase. 


(8) The matching section feeds the 104-ohm 
line at the exact center; consequently the dipoles 
are fed in phase. This phase relationship in con- 
junction with the spacing between the dipoles, 
gives the directional characteristic to the an- 
tenna system. Further directivity is produced 
by the three reflectors mounted behind each di- 
pole. 








Section V 
RECEIVING SYSTEM 


$2. BLOCK DIAGRAM OF RECEIVING 
SYSTEM (Fig. 89) 


The receiving system uses a superheterodyne 
circuit. Signals from the antenna are amplified 
by the two-stage r-f amplifier at the signal fre- 
quency (157 to 187 mc) and then fed to the 
mixer. In the mixer stage the amplified r-f sig- 
nals are mixed with the output of the h-f oscil- 
lator which operates 80 mc below the desired sig- 
nal frequency. The resultant 30-mc i-f signal is 
fed to the four-stage i-f amplifier. The amplified 
i-f output is fed to the second detector which 
converts the i-f signal to a video signal. This 
video signal is fed to the two-stage video ampli- 
fier. The first video amplifier stage is a voltage 
amplifier, and the second video stage is a cathode 
follower; thus the video amplifier both amplifies 
the second detector output and delivers the am- 
plified signal to the display at a low impedance 
level. The video limiter is a biased diode ar- 
ranged to clip (limit) the video output of the 
first video stage at an amplitude such that the 
final output produces about.a 84-inch to 1-inch 
maximum deflection on the radar A-scope. 


58. R-F AMPLIFIER (Fig. 40) 


a. The receiving antenna is coupled to the grid 
of the first r-f stage, tube 130-1, by inductor 171, 
the tuning coi] marked ANTENNA on the front 
panel. The position of the antenna tap on in- 
ductor 171 is such that the impedance of the 
antenna coaxial cable is matched to the imped- 
ance of the grid circuit of the first r-f stage. In- 
ductor 171 is permeability-tuned by a brass and 
powdered iron movable core to cover 157 to 187 


megacycles. The brass is at one.end of the core 
and the iron at the other end. This arrangement 
increases the tuning range of the core adjust- 
ment. For example, as the iron is moved out of 
the coil to lower the coil inductancé and increase 
the frequency, the brass moves into the coil, still 
further reducing the inductance. (Iron increases 
inductance by increasing the magnetic lines of 
force through the coil. Brass, which is non-mag- 
netic, decreases inductance because the eddy cur- 
rents induced in the brass set up counteracting 
magnetic lines of force.) The input capacity of 
the tube, in parallel with inductor 171, completes 
the resonant circuit. 


b. The plate output of tube 1380-1 is coupled 
from plate load resistor 108-5 through coupling 
capacitor 140-5 to the grid of tube 180-2, the 
second r-f amplifier. The gri@ of tube 180-2 is 
tuned by inductor 172-1 in parallel with the input 
capacity of the tube. Inductor 172-1 is marked 
R.F. on the front panel, This conductor is a per- 
mineability-tuned coil similar to inductor 171. The 
gain of tube 130-2 is controlled by varying its 
screen voltage, which is supplied from the IFF 
GAIN potentiometer in the radar set. 


ec. Inductor 172-1 is effectively shunted by load 
resistor 108-5. This resistance is only 3,000 ohms 
and severely loads the tuned circuit. This ar- 
rangement lowers the gain but increases the 
bandwidth. The Mark III IFF system requires 
a very wide band-pass receiver so as to receive 
as many pulses as possible during each sweep of 
the mechanical tuner in the airborne transpondor 
(par. 5b). 





Figure 39. Trensmitter-Receiver RT-48A/TPX-1, receiving system, block diagram. 
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Figure 40. Transmitter-Receiver RT-48A/TPX-1, receiving system, functional schematic 
ram, showing rf amplifier. 
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54. MIXER 


The grid of mixer tube 130-3 is fed from the 
plate load resistor 108-6 of the second r-f ampli- 
fier through coupling capacitor 140-10 (fig. 40). 
The mixer grid is tuned by permeability-tuned 
inductor 172-2 (fig. 41). This inductor is marked 
MIXER on the front panel. The mixer is grid- 
modulated by the output of the local oscillator 
tube 182 (H.F. OSC. on fig. 41), which is induc- 
tively coupled to coi] 172-2 by the adjacent 
mounting of oscillator tank coi] 174. The mixer 
output is coupled from load resistor 116-1 to the 
grid of the first i-f stage through resistor 114 
and coupling capacitor 150-1. Resistor 114 is 
used to suppress parasitic oscillations. 


55. LOCAL (HIGH-FREQUENCY) OSCILLATOR 
(Fig. 41) 


The high-frequency oscillator uses triode tube 
132 in a Hartley circuit. The tapped tank coil 
174 is used to series-feed the de to the plate. 
The grid is returned to ground through shunt 
grid leak 111-2. Tank coil 174 is coupled mag- 
netically to the mixer grid coil 172-2 by adjacent 
mounting. The oscillator operates at a frequency 
80 mc below the incoming r-f frequency, and is 
tuned by variable air capacitor 145. This tuning 
contro] is marked RECEIVER OSCILLATOR on 
the front panel. 


56. I-F AMPLIFIER (Fig. 42) 


a. The i-f amplifier operates at 30 megacycles 
with a pass band from approximately 28 to 32 
megacycies. It uses tubes 181-1, 181-2, 181-8, and 
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131-4 in substantially identical arrangements. 
The gain of the first stage, tube 131-1, is controlled 
simultaneously with the gain of the second r-f 
stage, tube 131-2, by varying its screen voltage 
with the IFF GAIN potentiometer on the radar 
set. The grid of the first stage is tuned by i-f coil 
173-1 which has a permeability-tuned primary 
coil, inductively coupled to a permeability-tuned 
secondary trap circuit. The secondary trap uses 
147-1 as tuning capacitor and 121-1 as loading 
resistor. The trap is tuned to 30 megacycles. 

b. The function of the trap is to provide selec- 
tive loading of the primary so that it provides 
maximum loading at the center frequency and 
less loading at the outer frequencies of the pass 
band. This effect flattens the top of the i-f re- 
sponse curve, broadening the useful pass band. 
This method of coupling is used so that only one 
tuned circuit in each i-f stage is tuned by vacuum. 
tube capacity. Therefore the i-f system can be 
aligned by adjusting one trimmer per stage for 
maximum response at the center frequency. No 
stagger tuning or tuning of interlocking over- 
coupled stages is required. The trap tuning is 
set at the factory and need never be adjusted in 


. the field. 


c. The output of the first i-f stage, tube 131-1, 
is coupled to the grid of the second i-f stage, tube 
131-2, from plate load resistor 105-2 through 
coupling capacitor 150-2. The low-resistance 
plate load broadens the pass band. The grid of 
tube 131-2 is tuned by coil 173-2 and the tube 
capacity. Coil 173-2 has the same construction as 
coil 173-1. The second, third, and fourth i-f 
stages have the same arrangements. 
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Figure 41. Transmitter-Receiver RT-48A/TPX-1, receiving system, functional schematic 
diagram, showing mixer and high-frequency oscillator. 


57. SECOND DETECTOR (Fig. 43) 


One-half of tube 135 is used as the second de- 
tector diode. It is fed from 105-5, the plate load 
resistor of the fourth i-f stage, through coupling 
capacitor 150-8. It is tuned by coil 177, which is 
similar to the i-f coils except for a higher 
inductance. The diode is connected with the i-f 
voltage applied to the cathode, and with video 
output taken from plate to ground. This con- 
nection is needed in order to get positive pulses 
from the video output. Capacitors 147-6 and 
147-7, and choke 176-1 filter the r-f across load re- 
sistor 106. Metering resistor 107-3 is connected 
in series with the ground side of diode load re- 
sistor 106. Diode current is metered by shunting 
a d-c milliameter across resistor 107-3. This 
circuit is explained in greater detail in para- 
graph 72. 


58. FIRST VIDEO AMPLIFIER AND LIMITER 
(Fig. 43) 


a. The diode video output across load resistor 
106 is directly connected to the grid of the first 
video amplifier tube 131-6. The video output of 
tube 131-6 appears across resistors 113-3, 113-4, 
113-5, and 113-6, which, in parallel, constitute 
the plate load resistance. Tube 131-6 is cut off 
when the set is in stand-by condition by negative 
bias applied to the suppressor. 

b. The video limiter diode is one-half of tube 
135. The plate connects to the plate of tube 
131-6, and the cathode is returned to a d-c poten- 
tial intermediate between B plus and ground, de- 
termined by the setting of PEAK VIDEO po- 
tentiometer 120. When the pulse output of tube 
131-6 reaches the amplitude at which the in- 
stantaneous plate voltage exceeds the potential 
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of the limiter cathode, the limiter draws current, 59. SECOND VIDEO AMPLIFIER (Fig. 43) 


preventing any further rise of plate voltage. The phe Sete a een is = = sskorared - 
st : . opcrated as a cathode follower to give low outpu 
sapsonabiaeiatiad resistor is bypassed by capacitor impedance. The grid of tube 188 is fed from the 
section 142-A, so that the instantaneous value of output of the first video stage through coupling 
limiter bias is not disturbed by the pulseoflimiter capacitor 143-1. The video output is taken across 
current. To produce a ¥,-inch to 1-inch deflection ee erent which is ge ware 
Bae : resistors an in parallel. u 
on the radar A-scope, the inter cathode is usu- coupling capacitor 146 blocks the d-c component 
ally set at about 75 volts positive. of output voltage from the external video load. 
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Figure 43 


| Figure 42. Transmitter-Receiver RT-48A/TPX-1, receiving sys- 
| tem, functional schematic diagram, showing i-{ amplifier. 


Figure 43. Transmitter-Receiver RT-48A/TPX-1, receiving sys- 
tem, functional schematic diagram, showing second detector, 
limiter, and video amplifies. 
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Section VI 


POWER-SUPPLY SYSTEM 


60. POWER-SUPPLY PRIMARY CIRCUITS 
(Fig. 44) 

A-c power is taken in on A.C. IN receptacle 
264. The B terminal is wired directly to the com- 
mon terminal on the primaries of transformers 
270 and 271 and blower 268. (These transform- 
ers, the blower, and the two power-supply tubes 
are all mounted in the transmitter chassis.) The 
A terminal is wired through safety interlock 
switch 265 and primary fuse 269 to the J ter- 
minal of control receptacle 262. A jumper in the 
CONTROL plug of Cord CX-304/TPX-3 connects 
the J terminal to the E terminal, placing alter- 
nating current on the 80- or 150-volt selector 
wires on transformers 270 and 271. The a-c 
return on blower 268 is wired permanently to the 
115-volt tap on transformer 270, so that on 80- 
volt operation the transformer primary acts as 
an autotransformer to keep 115 volts on the 
blower. 


61. HEATER SUPPLY (Fig. 44) 


All tube heaters are supplied from secondaries 
on filament transformers 271. This transformer 
has four secondaries; 5.0 volts for filament of 
tube 232, 2.5 volts for heater of tube 233, 6.5 
volts for heater of tube 231, and 6.5 volts for 
heaters of all other tubes. The primary is tapped 
for 115 or 80 volts. 


62. LOW-VOLTAGE SUPPLY (Fig. 44) 


The low voltage rectifier, which supplies 300 
volts d-c (in the operating condition) for all B 
plus circuits except that of the r-f power oscil- 
lator, uses tube 232, a 5U4G full-wave rectifier. 


The plates of tube 232 are fed from the 585-volt 
winding of plate transformer 270. The center. 
tap of the 585-volt winding returns through bias 
resistor 210 to ground, when the CHALLENGE 
switch is in the OFF position. Then resistor 210 
develops 100 volts of negative bias, and the B plus 
lines drop to 210 volts. The CHALLENGE 
switch shorts resistor 210 to ground in ON posi- 
tion so that no negative bias voltage is developed, 
and the B plus lines rise to 300-volts. The d-c 
output of the rectifier is filtered by the two-sec- 
tion capacitor-input filter formed by choke 280 
(A-B) and capacitors 247-1, 247-2, and 248. The 
negative bias output to the transmitter is isolated 
from the bias supply to the pulse amplifier and 
first video stage by the filter consisting of re- 
sistor 211 and capacitor 242-B. 


63. HIGH-VOLTAGE SUPPLY (Fig. 44) 


The high-voltage rectifier, which supplies 2,500 
volts d-c to the plate of the r-f power oscillator, 
uses tube 233, a 2X2/879 half-wave rectifier. 
Alternating current is applied from the 2,000- 
volt winding of plate transformer 270, in series 
with half of the 585-volt winding. The rectifier 
output is filtered by resistors 213-1 and 213-2 in 
parallel and capacitor 249. The bleeder is com- 
posed of resistors 201-2, 201-3, 201-4, 201-5, 201-6, 
201-7, 201-8, and 201-9 in series. Rectifier volt- 
age is metered on the 1-milliampere meter in the 
test set by shunting it across resistor 207-2 which 
is in series with the ground end of the bleeder. 
This metering circuit is explained in detail in 
paragraph 69. 
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Section VII 
CONTROL SYSTEM 


64. POWER SWITCH 


The IFF switch on the rear panel of the radar 
set energizes the primary circuits through Cord 
CX-301/TPX-3. 


65. CHALLENGE SWITCH 


The CHALLENGE switch on the radar set con- 
nects through Cord CX-304-TPX-3 and terminals 
B and A on control receptacle 262, to short re- 
sistor 210 when in ON position. 


6-4 


66. RECEIVER GAIN CONTROL 


The IFF GAIN potentiometer on the radar set 
is used to control receiver gain by varying the 
screen voltage applied to the second r-f and first 
i-f stages. B plus voltage is brought to terminal 
D of control receptacle 262 (fig. 44) through the 
dropping resistance composed of resistors 206-1, 
206-2, 206-3, and 206-4 in parallel (fig. 44). The 
tube screens are fed from the arm of the poten- 
tiometer. 
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Section VII 
CONTROL SYSTEM 


64. POWER SWITCH 


The IFF switch on the rear panel of the radar 
set energizes the primary circuits through Cord 
CX-304/TPX-3. 


65. CHALLENGE SWITCH 


The CHALLENGE switch on the radar set con- 
nects through Cord CX-304-TPX-3 and terminals 
B and A on control receptacle 262, to short re- 
sistor 210 when in ON position. 


66. RECEIVER GAIN CONTROL 


The IFF GAIN potentiometer on the radar set 
is used to control receiver gain by varying the 
screen voltage applied to the second r-f and first 
i-f stages. B plus voltage is brought to terminal 
D of control receptacle 262 (fig. 44) through the 
dropping resistance composed of resistors 206-1, 
206-2, 206-3, and 206-4 in parallel (fig. 44). The 
tube screens are fed from the arm of the poten- 
tiometer. 
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Section VIII 
METERING SYSTEM 


67. METERING SWITCH CIRCUIT 


a. Provision is made to meter the following 
voltages and currents, using the 0-1-milliampere 
meter in the test set: 
(1) R-f oscillator cathode current (OSC. 
CURR.). 

(2) R-f oscillator 
VOLT.). 

(3) Modulator plate current (MOD. CURR.). 

(4) Low voltage rectifier output (MOD. 
VOLT.). 

(5) Second detector current 
CURR.). 

b. The circuit to be measured is selected by the 
METERING SWITCH 263 (fig. 47) and placed 
on the A and B terminals of the METERING 
receptacle on the front panel of the transmitter- 
receiver. This is receptacle 266 (fig. 47) and is 
connected by the metering cable, Cord CG-76/ 
TPX-1, to the TRANSCEIVER METERING re- 
ceptacle on the test set. When the METER 
SWITCH on the test set is placed in the TRANS- 
CEIVER METERING position, the connections 
are the same as if the test set milliammeter, in 
series with a 1/32-ampere protective fuse, were 
connected between terminals A and B of recep- 
tacle 266 with polarity as shown on figure 47. 

ce. Simplified drawings of the circuits selected 
by the METERING SWITCH 268 (fig. 47) are 
presented in figure 49 and are discussed in para- 
graphs 68 through 72. 


plate voltage (OSC. 


(DIODE 


68. OSC. CURR. SWITCH POSITION 
(Fig. 45) 


a. Oscillator current is indicated by measuring 
the drop across cathode resistor 209, using re- 
sistor 208 as a multiplier in series with the mil- 
liammeter. The milliammeter is then a 0-20-volt, 
1,000-ohm-per-volt voltmeter. As 3/23 of the 
total oscillator plate current flows through the 
meter, the total current can be determined by 
multiplying the meter reading by 23/3, that is, 
by 7.7. For example, if the meter reading is 0.5 
ma, the total average plate current is 0.5 x 
1.7 = 3.85 ma. 

b. As a 2C26 tube ages and its emission de- 
creases, both power output and current decrease. 
On the other hand, if the tube becomes gassy, 
current increases but power output decreases. 


Therefore the power output readings and the 
oscillator current readings (par. 33) must be 
compared as a basis for judgment of the tube 
condition. 


e. The transmitter oscillator tube is cut off 
when the equipment is in the stand-by condition, 
and the oscillator current should then be zero. In 
the operating condition, the tube is cut off be- 
tween pulses. Therefore the average current in- 
dicated by the milliammeter depends on pulse 
width and pulse recurrence rate as well as upon 
other factors, such as tube condition, input volt- 
age, and impedance of the transmitting antenna 
system. (The latter factor varies with frequency. 
A typical reading for the 400-cycle recurrence 
rate (transmitter-receiver synchron..cu vy Radar 
Set AN/TPL-1) is 0.5 ma). 


69. OSC. VOLT. SWITCH POSITION 
(Fig. 45) 


a. The high-voltage power supply potential is 
indicated by measuring the current through the 
high-voltage bleeder. The current is diverted 
through the meter by connecting the meter 
across resistor 207-2 which has a much greater re- 
sistance than the meter. The milliammeter is 
then a 0-4,000-volt, 1,000-ohm-per-volt voltmeter, 
and each 1/10 ma represents 400 volts. For ex- 
ample, a typical reading in the stand-by condition 
is 0.7 ma. The voltage at the plate of tube 231 
is then 7 X 400 = 2,800 volts. 


b. Since the oscillator tube is cut off in the 
stand-by condition, the current drain on the high- 
voiitage power supply is only the bleeder current. 
The drop across the internal resistance of the 
power supply is low, and consequently the volt- 
age output is high. Variations in the current read- 
ing from the typical reading of 0.7 ma will be due 
to the allowable variatior ‘n the resistance of the 
bleeder, variation in power-supply transformers, 
or variation in the 2X2 high-voltage rectifier tube. 
If a reading is lower than a previous reading made 
at the same line voltage, deterioration of the 2X2 
tube should be suspected. 


ec. A typical reading in the operating condition 
(CHALLENGE : witch in the ON position) is ap- 
proximately 0.55 (2,200 volts at the plate of tube 
231). 


70. MOD. CURR. SWITCH POSITION 
(Fig. 45) 


a. Modulator current is measured by diverting 
some of the modulator cathode current through 
the meter, using resistors 202 and 203 as a cur- 
rent divider. As 10/35 of the total modulator 
plate current flows through the meter, the total 
current can be determined by multiplying the 
meter reading by 35/10, that is, by 3.5. For ex- 
ample,:if the meter reading is 0.42 ma, the total 


’ average plate current is 0.42 < 3.5 = 1.47 ma. 


b. The modulator tube is not cut off between 
pulses when the CHALLENGE switch is in the 
OFF position, nor is it cut off when the switch is 
in the RADAR position. A typical reading under 
all conditions is approximately 0.4 ma. 

ce. The reading is slightly higher in the stand-by 
condition (0.41 or 0.42 ma) because the plate 
supply voltage for the modulator tube is slightly 
higher in the stand-by condition. In stand-by, the 
cathode is returned to a point 100 volts below 
ground (switch end of resistor 210, fig. 45) ; 
the plate is at 210 volts positive. The total sup- 
ply voltage acting on the tube is 310 volts. In 
operating condition, the cathode is returned to 
ground and the plate is at 300 volts positive, or 
less. The difference in total supply voltage is due 
to the drop in B plus voltage caused by the added 
current drain on the power supply when the 
equipment is operating. With the higher supply 
voltage in the stand-by condition, the average cur- 
rent of the modulator tube is slightly higher. 
The pulses fed to the grid in the operating condi- 
tion do not affect the average current ; these pulses 
are induced in a transformer secondary, and the 
effect on plate current of the positive portion of 
the grid swing is cancelled by the effect of the 
negative portion of the grid swing. 


71. MOD. VOLT. SWITCH POSITION 
(Fig. 45) 


a. The potential on the B plus line from the low- 
voltage power supply is indicated by using re- 
sistor 201-1 as a multiplier in series with the 
meter. The meter is then a 0-500-volt, 1,000- 
ohm-per-volt voltmeter and each 1/10 ma repre- 
sents 50 volts. For example, if the meter reads 
0.7 ma, the B plus voltage is 7 <X 50 = 350 volts. 

b. Pulse recurrence rates do not influence the 
current drain on the low-voltage power supply 
enough to show a difference in meter readings. 
However, the reading in stand-by condition is dif- 
ferent from the reading in the operating condi- 
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tion. A typical reading in the stand-by condition 
is 0.45 ma (225 volts), and a typical reading in 
the operating condition is 0.7 ma (350 volts). In 
the stand-by condition, 100 volts of the power- 
supply output appear below ground potential. It 
would be expected that the reading in the op- 
erating condition would be 100 volts higher than 
the reading in the stand-by condition, since this 
100-volt portion of the output is moved up above 
ground potential. However, because of the larger 
current drain in the operating condition, the 
voltage drop in the power supply increases by 
about 25 volts, and the B plus lines are raised 
only 75 volts above their potential in the stand-by 
position. 

c. It should be noted that these typical readings 
are not necessarily optimum readings. B plus 
voltage varies in different installations of satis- 
factory equipment. All schematics in this manual, 
Figure 47 for example, show voltages of 210 in the 
RADAR (OFF) position of the CHALLENGE 
switch and 300 in the IFF (ON) position. These 
voltages correspond to meter readings of 0.42 ma 
and 0.6 ma respectively. The meter readings de- 
pend on the waveform of the line voltage, the 
5-percent tolerance of resistor 201-1, the manu- 
facturing variations of transformer 270, and the 
characteristics of the 5U4G low-voltage rectifier 
tube. If, however, a reading is much lower than 
a previous reading taken at the same line voltage, 
the indication is that either the current drain on 
the power supply has increased abnormally, or 
the 5U4G tube has deteriorated. 


72. DIODE CURR. SWITCH POSITION 
(Fig. 45) 


Diode current is measured by shunting the 
meter across resistor 107-3, which is in the diode 
current return. Most of the current is diverted 
through the meter, since its resistance is much 
lower than that of resistor 107-3. The meter 
then furnishes readings of actual] diode current. 
When the meter is taken out of the circuit, the 
diode load resistance is changed from 15,000 to 
16,000 ohms, but the effect of this increase is 
neglible. No typical meter reading can be given 
because the detector output depends on the 
strength of the input signal to the receiver and 
on the setting of the IFF GAIN control. The 
DIODE CURR. switch position is used when tun- 
ing and aligning the receiver. With strong input 
signals, the meter goes off scale and the gain con- 
trol must,be turned down. 
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Section IX 
SUMMARY OF SYSTEMS 


73. COMPLETE BLOCK DIAGRAM (Fig. 46) 


This paragraph is a summary of the pulse and 
signal paths in the operating equipment. The 
power-supply, control, and metering systems are 
not included. The complete schematic diagram of 
the transmitter-receiver, which summarizes the 
functional schematics presented previously, is 
shown in figure 46. A discussion of the complete 
block diagram (fig. 46) follows. 

a. The synchronizing signal supplied by Radar 
Set AN/TPL-1 consists of short positive pulses 
(A). 

b. The synchronizing pulses are amplified by 
the synchronization amplifier and are delivered 
to the pulse oscillator as a series of essentially 
negative pulses (B). The amplitude of the out- 
put pulses (B) is independent of the amplitude 
of the synchronizing pulses (A). 

ce. The negative (B) pulses synchronize the 
pulse oscillator which produces a series of posi- 
tive pulses (C), the duration and shape of which 
is fixed and independent of the duration and shape 
of the synchronizing pulses (A). 

d. The pulse oscillator output (C) is delivered 
to the repetition rate limiter which converts it 
to a saw-tooth wave (D). This saw-tooth wave 
controls the gain of the synchronization ampli- 
fier. Since the recovery time of the saw-tooth is 
fixed, a limit is automatically set’ on the repeti- 
tion rate at which the synchronization amplifier 
' can respond to the synchronizing pulses. When 
the repetition rate of the synchronizing pulses 
exceeds some value in the range of 750 to 1,000 
per second, the synchronization amplifier can not 
recover enough gain between pulses to respond 
to each pulse and therefore amplifies alternate 
pulses only. The amplified synchronizing pulses 
(B), and therefore the pulse oscillator output 
(C) will have a repetition rate which is a sub- 
multiple of the repetition rate of the synchroniz- 
ing pulses (A). (This characteristic is actually 
not utilized in Radar Set AN/TPX-4 when used 
with Radar Set AN/TPL-1, since the synchroniz- 


ing pulses are supplied at a repetition rate of 400 
per second). 

e. The output of the pulse oscillator (C) is sup- 
plied to the pulse amplifier which amplifies the 
pulses without appreciably changing the duration 
of the positive portion of the pulse. 

f. The output of the pulse amplifier (E) is fed 
to the modulator which produces positive pulses 
(F) of the same duration as the positive portion 
of (E) but at a low impedance level. 

g. Theoutput of the modulator (F), grid modu- 
lates the transmitter which produces pulses of r-f 
energy (G), of essentially the same duration as 
(F). These r-f pulses are passed through the 
attenuator and then radiated by the antenna. 


h. The radiated transmitter pulses (G) are re- 
ceived by the transpondor in a friendly aircraft 
during the portion of the transpondor tuning 
sweep at which it is sensitive to the r-f frequency 
of (G). During this portion of each sweep, the 
transpondor produces answering pulses of r-f 
energy (H) which are picked up by the IFF 
antenna. 


i. The received r-f pulses (H) are amplified by 
the r-f amplifier at the received radio frequency. 

j. The amplified r-f pulses (1) are fed to the 
mixer stage where they are mixed with the out- 
put of the h-f oscillator to produce pulsés at i-f 
frequency (J). 

k. The i-f pulses (J) are amplified by the i-f 
amplifier. 

1. The amplified i-f pulses (K) are fed to the 
second detector where they are rectified to form 
negative video pulses (L). 

m. The negative video pulses (L) are ampiified 
by the first video stage to produce positive video 
pulses (M). The peak amplitude of these pulses 
is limited by the limiter at this point. 

n. The output of the first video stage (M) is 
transformed to a low impedance level by the 
second video stage and delivered to the radar dis- 
play as positive pulses (N) 
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Figure 46. Transmitter-Receiver RT-48A/TPX-1, complete block diagram. 
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Figure 47. Transmitter-Receiver RT-48A/TPX-1, 
schematic diagram. 


1-1 
1-2 
140-3 
140-4 
140-6 
10-6 
10-7 
140-8 
140-9 
140-10 
14-11 
141-1 
141-2 
141-3 
141-4 
14126 
141-7 
141-9 
141-10 
141-12 
141-13 
141-16 
142-16 
141-17 


141-16 


141-19 
142-A 


142-8 
142-C 
143-1 
143-2 
143-3 


144 


146 
146 
147-1 
147-2 
147-3 
147-4 
147-6 
147-6 
147-17 
1486-1 
146-2 
149 
160-1 
180-2 
160-3 
180-4 
180-5 
180-6 
160-7 
160-8 
150-9 
180-10 
160-12 


150-12 
160-13 
180-14 
150-15 
24) 


Raeee 
Ventilation 


let r-f cathode bypess 

lst ref heater bypass 
let rf eoreen decoupler 
let ref plate decoupler 
ist r-f eoupling 

2nd r-f cathode bypass 
2nd r-f heater bypass 

Rnd ref screen decoupler 
2nd ref plete decoupler 
Gad ref coup] ing 

H-£ oscillator grid 

Mixer heater bypass 

Mixer cathode bypass 

Mixer screen bypass 

lat i-f eathode bypass 
let i-f heater 

Sri i-f cathode bypass 
2ad i-f heater 

Sed ief cathode bypass 

ord i-f heater 

4th i-f cathode bypess 
4th {-f heater 

Diode Heater 

B-f oscillator heater 
bypess 

lst video suppressor 


bypass 
lat video heater bypess 
Peak video limiter bias 


bypase 
lst video ecreen bypass 
lat video plate bypass 
lst video plate coupl ing 
Synch. emplifier cathode 
Srd and 4th {-f screen 
stebdilizer 
Pulse oscillator grid 
time constant 
H-f oscillator tuning 
Video output coupling 
lst 1-f trap tuning 
2nd i-f trap tuning 
Sed icf trap tading 
4th i-f trap tuning 
Sth 1-f trap tuning 
Video insut fFrilter 
Video input filter 
Synch. input coupling 
Pulse oscillator coupling 
Syneh. emplifier screen 
Mixer coupling 
list i-f coupling 
let i-f plate decoupler 
2nd i-f coupling 
Pad i-f plate desoupler 
Srd i-f coupling 
3rd i-f plate decoupier 
4th i-f coup) ing 
4th 1-f plete decoupler 
Mixer plete- decoupler 
Hef oecilletor plate 
decoupler 
lat i-f sereen bypess 
2nd i-f soreen bypase 
Srd icf eoreen bypass 
4th i-f ecreen bypass 
Blover esetor sapecitor 


M2-A 


242-8 
242-C 


S43 


247+} 
247-2 
248 
249 


171 
172+} 
172.2 
173-1 
173-2 
173-3 


173-4 
174 


176 
176-1 
176-2 


272-1 
272-2 
272-3 
872-4 
272-6 
BB9-A 


260-3 


269 


273 


167 


101-1 
101-2 
102 

103-3 
103-4 


105-1 
105-2 
106-3 
105-4 
106-6 
106 

1-2 
107-2 


PUNCTIONS OF PARTS -- TRANSMITTER-RECEIVER TA-464/TPX-} 


GAPACTIORS 


Oscillator cathode 
bypass 

Standby bias filter 
Pules eaplifier cathode - 


bypass 
Anteane triaser 
Pules emplifier input 
coup] iag 
Oscillator tuning 
Oacillator plete blocking 
Low voltage filter, 
input section 
Low voltage filter, 
Riddle section 
Low voltage filter, 
output section 
High voltage filter 


OOS 


R-f input 

2nd r-f grid 

Mixer grid 

lst i-f grid 

end 1-f grid 

Srd icf grid 

4th i-f grid 

Beterodyne cecilietor 
tank 


Pulse cecillator 

lst video ingut filter 
Srd i-f screen isolating 
2nd deteator 

Oscillator heater choke 
Oscillator heater choke 
Osclliator cathode choke 
Oecillator grid choke 
Oscillator plate choke 

Low voltage filter, 
iaput section 

Low voltage filter, 
output section 


ruse 
Line fuse 


INDUCTOR 
Oscillator tank 


PL0G 


Connects receiver chassis 
to tranenitter chassis 


RESISTORS 


Ist ref cathode 

2nd r-f cathode 

lst video screen 

Video output cathode load 
Video output cathode loa 
ist video plate filter 
Ist i-f screen filter 
jst i-f plete loed 

2nd i-f plate loed 

3rd i-f plate load 

4th 1-f plate load 

2nd detector loed 

Mixer cathode 

Pulse oscillator cathod 


107-3 


106-6 
106-6 
109-1 
109-8 
109-3 
100-4 
100-6 
110 

lli-} 
111-2 
ll2 * 
113-1 
113-2 
113-3 
113-4 
113-5 
1135-6 
114 

116-1 
116-2 


115-3 


116-1 
116-2 


116-1 
110-2 


119-2 
119-2 


119-3 
120 


121-1 
121-2 
121-3 
121-4 
lel - 


122 

123-1 
123-2 
123-3 
123-4 
124-1 
124-2 
124-3 
1244 
124-5 
124-6 
124-7 
124-8 
125 


ve-.) 
126-2 
46049 
126-4 
126-6 
126-6 
200 
201-1 
201-2 
201-3 
20t~4 
201-6 


RESISTORS 
2nd detector metering 
shunt 


ist rf plete load 
tnd ref plate load 


lst icf cathode 

Gnd A-f cathode 

Sd ief cathodes 

4th i-f cathode 

ist video cathode 

Mixer plate filter 

2ad rf sereen filter 
Hef cecillator grid leak 
Synch. emplifier cathode 
lst ref screen filter 
Mixer ecreen bleeder 
Ist videe plate 

Ist video piste 

lst video plate 

lst video plate 

Mixer output r-f filter 
2nd video grid 

Pulse oacillator grid tine 
constant 

Pulee frequency repetition 
limiter grid 

Mixer plate load 

B-F ossilietor vlate 
dropping 

H-f oscillator plate 
dropping 

Ref oscillator plete 
dropping 

Synch. aaplifier grid 
Synch. eanlifier cathode 
bleeder 

Syneh. amplifier acreen 
Peax video limiter bias, 
Weriabdle 

lst i-f trap l@ading 
@nd i1-f trep loading | 
Srd i-f trup loading 
4th i-f trap losding 
znd detector trep 
louding 

Mixer screen 

let r-f plete decoupler 
let ref plate decousler 
2nd r-f olete cecoupler 
gnd ref plate cecousler 
let i-f phaté decounler 
let i-f plate decoupler 
2né isf plate de¢oupler 
nd i-f plate desoupler 
srd i-f plste decoupler 
Srd i-f plate ecoupler 
4th 1-f plate decoupler 
4th f-f plate cecoupler 
Peak video limiter bias, 
fixed 

Bnd i-f ecreen 

2nd i-f screen - 

Orv 6°) BCrOCU 

Srd ief screen - 

4th i-f screen 

4th 1i-f ecreen 

Pulse amplifier grid 
Godulator voltmeter 
High voltage bleeder 
High voltege blieeder 
High voltege bleeder 
High voltege bleeder 


901-6 
901-7 
201-8 
2801-9 
202 


R04 
206-1 


206-2 
206-3 
206-4 


207-1 
207-8 


208 
209 
210 
811 
212 
213-1 
213-2 


"130-1 


150-8 
Wey 
131-1 
13d02 
131-3 
131-4 
131-6 
13le-s 
132 


133 a 


134 
136 


231 
232 


2s 


REsistoes 
Migh voltege bleeder 
Sigh voltage bleeder 
High voltage dleeder 
High voltage bleeder 
Modulator current setering, 
series 
Modulator current seter ing, 
shant 
Mo@ulator cathode 
Sensitivity control 


eropping 
Sensitivity control 
dropping ; 
Sensitivity control 
dropping 
Sensitivity control 
| ing 
- eaptifier cathode 
Oeclliator vol tege 
petering shunt 
Oscillator current setering 
Oscilietor cathode bres 
Standby bies 
Standby Bias, filter 
Oscilistor grid leek 
High voltage filter 
High voltege filter 


Receiver antenna 
Synch. out, 
noch. in 
deo out 
Tranaaitter antennae 
connection 
A-c out 
Control cable connection 
A-c in 
Metering connect jon 
Connection transceiver 
chassis 


Sirrcn 
Wetering switch 
Safety interlock 


TRANSFORMERS 

Pulee ocecillator 
Plate treosformer 
filament transformer 
Pulse eaphifier 


TBR 
lst pref 
206 ref 
Mixer 
lat i-f 
2nd i-f 
Srd i-f 
4th i-f 
Syeeh. eaplifier 
1 video * 
d-f escilleter 
zad video 
Pulse oscillator 
2ad detector end peak 
liaiter 
Osc illator 
Low voltase rectifier 
High voltage rectifier 
Pulse amplifier and 
aodulator 





Chapter 2 
THEORY OF TEST SET TS-159/TPX 


Section I 
CIRCUIT DIVISIONS AND CHARACTERISTICS 


74. GENERAL BLOCK DIAGRAM (Fig. 48) 


The circuits of Test Set TS-159/TPX may be 
divided into four different functional systems. 


a. Signal-Generating and Frequency-Measuring 
Systems. Signal-generating and frequency-meas- 
uring systems perform the following functions: 


(1) Generate a signal variable over frequency 
range of IFF set for use in tuning IF F receiver. 


(2) Produce a 30-megacycle signal for use in 
aligning the i-f stages of the IFF receiver. 


(3) Provide a frequency selective circuit for 
measuring frequency of IF F transmitter output. 


(4) Produce accurate calibrating frequencies 
for use in calibrating the frequency selective cir- 
cuit mentioned in subparagraph (3) above. 


b. Metering System. The metering system pro- 
vides a means for taking certain current, voltage, 
and power readings on Transmitter-Receiver 
RT-48A/TPX-1. It acts as the indicator for 


other functions of the test set and may be used 
as a voltmeter for measuring external voltages. 
c. Power-Measuring System. The power-meas- 
uring system is used in measuring the peak- 
power output of the IFF transmitter. 
d. Power-Supply System. Power-supply system 


provides power for operation of Test Set TS-159/ 
TPX. 


75. GENERAL FEATURES AND TECHNICAL 


CHARACTERISTICS 

R-F FREQUENCY RANGE: 

Asa signal generator____-_-_- 150-190 me. 

As a frequency meter____--_- 150-190 me. 

Calibration points _.....__- 150, 160, 170, 180, 190 me. 
I-F SIGNAL OUTPUT: sh 

Frequency .......--.-_---- me. 

Amplitude Bc nl Sta 0-200,000 microvolts. 


POWER MEASUREMENT: 
Input impedance of circuit__50 ohms resistive. 
Power-measuring range __..0-800 watts peak power. 


METER ~~ ---~-------_---- 0-1-ma d-c meter switched 
into various circuits to 
indicate currents, volt- 
ages, power, resonance. 


FROM 

TRANSMIT TER- 
CElv 

RT-40/ TPX-! 








ME TERING 
SvVSTEM 


FF 
TRANSMITTER 
OuTPUT 





LINE 
FROM TRANSMIT TEA- 
RECEVER RT-486/ TPX-1 


TL-45917 


Figure 48. Test Set TS-159/TPX, simplified block diagram. 
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Section I 


SIGNAL-GENERATING SYSTEM 


76. CRYSTAL OSCILLATOR (Fig. 49) 


The left-hand triode section of tube 531-3 is 
connected as a tuned plate crystal oscillator, us- 
ing a 10-megacycle crystal (569) in the grid cir- 
cuit. The plate tank consists of coil 573 and 
variable capacitor 548-1. Capacitors 542-6 and 
542-7 are bypass capacitors and have a neglible 
effect on the frequency of the tank circuit. The 
output is taken from the left-hand plate (pin 2) 
of tube 531-3. 


77. HARMONIC GENERATOR (Fig. 49) 


a. The output of the crystal oscillator is 
coupled by capacitor 541-4 to the grid (pin 4) of 
the right-hand triode section of tube 531-3. This 
triode section ‘operates as a harmonic generator. 
The plate (pin 5) is connected to a tank circuit 
consisting of capacitor 548-2 and coil 574. This 
tank circuit is resonant at 80 megacycles with the 
result that the third harmonic of the 10-mega- 
cycle crystal-oscillator output is amplified. The 
30-megacycle energy is coupled by the single-turn 
secondary of transformer 574 to attenuator po- 
tentiometer 507 (marked 30 M.C. ATTENU- 
ATOR on the front panel). The variable output 
of potenticmeter 507 is coupled to receptacle 
560-2 through blocking capacitor 541-5. This ar- 
rangement provides a source of 30-megacycle 
voltage, variable from about 0.2 volt to a very 
low value, suitable for aligning the i-f stages of 
the receiver of Transmitter-Receiver RT-48A/ 
TPX-1. 

b. The r-f current carried by tank capacitor 
548-2 contains all the harmonics of 10 mega- 
cycles. These harmonics are coupled to the oscil- 
lating detector tank coil 571 by returning the 
current of capacitor 548-2 to ground through 
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coupling coil 579. This provides a means for ac- 
curately calibrating the oscillating detector at 
any multiple of 10 mc which lies within the fre- 
quency range of the equipment (par. 79). 


78. OSCILLATING DETECTOR AS AN 
OSCILLATOR (Fig. 49) 


Tube 530 is connected as a shunt-fed oscillator 
tuned by capacitor 545 (DETECTOR TUNING) 
over the frequency range of 150 to 200 mega- 
cycles. The entire circuit is mounted in a shield 
box and capacitor 545 is driven by a precision 
vernier dial. The circuit is made to oscillate by 
closing switch 576-2 which shorts out plate drop- 
ping resistor 514-1, applying 150-volt B plus to 
the circuit. Hairpin coil 571 supplies the tank 
circuit inductance for the oscillator. Fhe connec- 
tion from tank coil to cathode is made through 
ground. Pick-up coil 578 couples the r-f energy 
in tank coil 571 to the antenna rod. The r-f 
power output radiated from the antenna rod is 
sufficient to tune the receiver of Transmitter- 
Receiver RT-48A/TPX-1 when Antenna System 
AS-134/TPX is 80 or 40 feet from the test set. 


79. CALIBRATION OF OSCILLATING 
DETECTOR (Fig. 49) 

The frequency of the oscillating detector (par. 
78) may be accurately calibrated at 150, 160, 
170, 180 and 190 megacycles. Harmonics of 10 
megacycles from the crystal oscillator are cou- 
pled to hairpin tank coil 571 by coupling coil 579 
(par. 77b). The oscillating detector tuning dial 
(which controls capacitor 545) is turned to the 
setting indicated by the calibration chart as cor- 
rect for the calibration frequency desired. If the 
oscillating detector is properly tuned, its fre- 





quency will now be the same as the calibrating 
frequency (150, 160, 170, 180, or 190 megacycles, 
whichever has been selected). The signal pro- 
duced by the oscillating detector will beat with 
the calibrating frequency to produce an audio- 
frequency signal which appears across grid re- 
sistor 500-4. If the oscillating detector frequency 
is exactly the same as the calibrating frequency, 
the two signals will zero beat, that is, produce a 
difference frequency of zero cycles per second 
with the result that no signal will appear across 
grid resistor 500-4. The tuning adjustments to 
produce this condition are extremely delicate, 
however, and for all practical purposes a slight 
difference between the two frequencies, indicated 


by an audio-frequency beat note, will indicate 
proper tuning of the oscillating detector. If the 
frequency of the oscillating detector is not the 
same as the calibrating frequency, adjust capaci- 
tor 546 (screwdriver adjustment) to obtain 
the audio beat-frequency signal. As the fre- 
quency of the oscillating detector approaches the 
calibrating frequency, the tone of the audio beat 
note becomes lower and lower. Capacitor 546 
should therefore be adjusted to obtain the lowest 
possible tone of beat-frequency signal. The au- 
dio beat-frequency output is taken from the plate 
of tube 530, and amplified by the audio amplifier 
stages (par. 81). The tone is heard in the head 
phones plugged into PHONE JACK 565. 
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Section III 


FREQUENCY-MEASURING SYSTEM 


80. OSCILLATING DETECTOR AS A 
FREQUENCY-SELECTIVE DETECTOR 
(Fig. 419) 


With switch 576-2 open (NON-OSC.), B plus 
voltage to the oscillating detector is reduced by 
the action of the voltage-divider circuit composed 
of resistors 514-1 and 514-2. The oscillating Ale- 
tector will no longer oscillate and therefore func- 
tions as a frequency selective detector. An r-f 
signal, pulse modulated at an audio-frequency 
rate, is generated by the transmitter of Trans- 
mitter-Receiver RT-48A/TPX-1 and is radiated 
from Antenna System AS-134/TPX. This signal 
is picked up by the antenna rod of Test Set TS- 
159/TPX and coupled to hairpin coil 571 by 
coupling loop 578. The oscillating detector cir- 
cuit is tuned to a particular r-f frequency by 
capacitor 545. The amplitude of the r-f oscilla- 
tions present in the oscillating detector circuit, 
therefore, will be greatest when the frequency of 
the incoming signal is the same as the frequency 
to which the oscillating detector is tuned. The 
incoming signa] is comprised of pulses of r-f 
energy occurring at an audio-frequency rate. 
Tube 530 (955) now functions as a regenerative 
grid-leak detector with feedback occurring be- 
tween the grid and the plate through the tank 
coil. The detected signal appearing at the grid 
of tube 531-1 will be an audio-frequency signal 
whose frequency is the same as the repetition 
frequency of the incoming r-f pulses. The ampli- 
tude of this audio-frequency signal will be max- 
imum when the detector circuit is tuned to the 
r-f frequency of the incoming signal. The audio- 
frequency signal, as well as the r-f signal, is am- 
plified by tube 530. The output is taken from 
the plate of tube 530 and fed to the audio ampli- 
fier stages through filter choke 572-3. 


81. AUDIO AMPLIFIER STAGES (Fig. 49) 


a. First and Second Stages. The two triode sec- 
tions of tube 531-1 are connected as a two-stage 
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resistance-coupled amplifier. The circuit is con- 
ventional except that grid bypass capacitors 
947-2 and 547-3 are used to eliminate instability 
due to stray r-f coupling. The audio-frequency 
signal from the plate of tube 530 is coupled to 
the grid (pin 1) of the left-hand triode section 
of tube 531-1 by coupling capacitor 542-1. The 
output of the first audio amplifier stage is taken 
from the plate (pin 2) and coupled to the grid 
(pin 4) of the right-hand triode section of tube 
531-1 by coupling capacitor 542-2. The output 
of the second amplifier stage is taken from the 
right-hand plate (pin 5) of tube 531-1. 


b. Third Stage. The left-hand triode section of 
tube 531-2 is used as the third audio amplifier. 
This tube operates as a vacuum tube voltmeter. 
The cathode resistor, potentiometer 504 (PHONE 
GAIN), is sufficiently high in value for the tube 
to be nearly cut off in the absence of an audio 
signal. The cathode resistor returns to ground 
through meter 566 when METER SWITCH 575 
is in TRANS. FREQ. position. When an audio 
signal is applied, cathode current increases (plate 
detector action) and the meter deflects upward. 
Audio output is taken from the potentiometer 
variable arm through blocking capacitor 542-4 
to the headphone jack 565. The headphones are 
normally used to listen to the beat between the 
oscillating detector and crystal harmonic when 
calibrating the detector (par. 79). The meter 
indication is normally used to measure transmit- 
ter frequency, since the non-oscillating detector 
will produce maximum audio output at the trans- 
mitter .epetition frequency when tuned exactly 
to the transmitter frequency (par. 80). The 
meter indicates when a calibrating crystal beat 
is tuned in, and could be used for calibration if 
a headset were lacking. The headset cannot be 
used in checking transmitter frequency since the 
ear can not distinguish changes in the amplitude 
of very sharp pulses. 





540 
641-1 


641-2 
541-3 
641-4 


641-5 
642-1 
642-2 
642-35 
642-4 
542-5 
542-6 


642-7 
542-8 
543 

644-1 


644-2 


644-3 
544 

546 

647-1 
647-2 
647-3 
548-1 
546-2 


671 
672-1 
572-2 
572-3 
572-4 
573 
574 
578 
579 


661 


667 
568 


: iT TS-159/TF 
CAPACITORS 
Detector grid 566 i 
Oscillator detector plate 
blocking | 
Diode head cathode girey s7e-1 | see ame 
Diode head cathode 500-1 
Crystal oscillator output 500-2 
coupling 500-3 
I-f signal d-c blocking 500-4 
Detector audio coupling Byes 
lst audio coupling - 562 
2nd audio coupling 502 ae: ANW3/08-/8-2P 
Headphone coupling 503-1 wis 
Diode head filter . 503-2 
Crystal oscillator plate 503-3 56! 
bypass 504 0. C. VOLTMETER 
Triplet plate bypass 
Detector plate filter 505 
V-t voltmeter cathode 
Plate rectifier filter 506 
input 
Plate rectifier filter 507 
middie section 508 
Plate rectifier filter output 509 
Oscillator detector tuning 510-1 Fa 
Oscillator detector trimmer 510-2 } “jog 
Detector heater bypass 511-1 
lst audio grid bypass 511-2 
2nd audio grid bypass 512 
Crystal oscillator tuning 
Tripler tuning 513 
COW hee An: 3108-18- 4P 
Detector tank — ey 
Detector heater choke 
Detector heater choke 
Detector plate choke: 560-1 
Detector cathode choke 560-2 
Crystal oscillator tank 562 
Tripler tank 563 
Antenna coupling to detector 
Harmonic coupling to detector 
CONNECTOR 575 
576-1 
Bxternal meter posts 576-2 
ORYSTAL 
Calibrating crystal 
570 
FUSE 
Meter fuse 
ine 530 
L fuse ae 
531-2 
ZACK 531-8 
532 
Phone jack 63 
534 ‘igure 49. 
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Test Set TS-159/TPX, schematic diagram. 
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6540 
541-1 


641-2 
541-3 
641-4 


541-5 
642-1 
§42-2 
542-35 
542-4 
642-5 
542-6 


§42-7 
542-8 
643 

544-1 


644-2 


544-3 
644 

546 

647-1 
647-2 
547-3 
548-1 
548-2 


671 
572-1 
672-2 
572-3 
512-4 
573 
574 
578 
579 


661 


569 


567 
668 


CAPACITORS 


Detector grid 

Oscillator detector plate 
blocking 

Diode head cathode 

Diode head cathode 

Crystal oscillator output 
coupling 

I-f signal d-c biocking 

Detector audio coupling 
lst audio coupling 

2nd audio coupling 
Headphone coupling 

Diode head filter 

Crystal oscillator plate 
bypass 

Triplet plate bypess 

Detector plate filter 

V-t voltmeter cathode 

Plate rectifier filter 
input 

Plate rectifier filter 
middie section 

Plate rectifier filter output 
Oscillator detector tuning 
Oscillator detector trimmer 

Detector heater bypass 

lst audio grid bypase 

2nd audio grid bypass: 
Crystal oscillator tuning 
Tripler tuaing 


Col 


Detector tank 

Detector heater choke 
Detector heater choke 
Detector plate choke 
Detector cathode choke 
Crystal oscillator tank 
Tripler tank 

Antenna coupling to detector 
Harmonic coupling to detector 


CONNECTOR 
External meter posts 

CRYSTAL 
Calibrating crystal 


FUSE 


Meter fuse 
Line fuse 


JACR 


Phone jack 


566 


500-1 
500-2 
500-3 
§00-4 
§01-1 
601-2 
502 

503-1 
503-2 
503-3 
504 


506 
507 


509 
610-1 
510-2 
6ll-1 
11-2 
612 


513 


514-1 
514-2 


560-1 
560-2 
562 
563 


575 
576-1 
576-2 


570 


530 

$3I-1 
531-2 
531-3 


633 
6354 


D-c meter 


RESISTORS 


Crystal oscilletor grid leak 

Tripler grid leak 

2nd audio plate 

Detector grid leak 

lst audio grid 

2nd audio grid 

Detector plate filter 

Detector plate 

lst audio plate 

Srd audio grid 

Srd audio cathode and headphone 
gain 

Diode head rectifier, load top 
section 

Diode head rectifier, load bottom 
section 

I-f signal attenuetor © 

V-T voltmeter cathode 

V-t voltmeter bias bleeder 

Diode head r-f load 

Diode head r-f load 

Rectifier filter input section 

Rectifier filter output section 

External meter multiplier for 
50 v range 

External meter multiplier for 
500 Vv range 

Detector plate dropping 

Detector plate shunt 


SOCKETS. 


Diode head receptacle 
I-f signal output 
A-c input, 

Metering connector | 





SWITCH 


_Meter function 


Power switch 
Detector, oscillator non-osc. 
switch 


TRANSFORMER. 


Power transformer 


TUBES 


Oscillator detector 

lst and 2nd audio 

Ssrd audio and v-t voltmeter 
Crystal oscillator and tripler 
Diode head rectifier 

Plate rectifier 

Plate voltage regulator 








Section IV 


POWER-MEASURING SYSTEM 


82. DUMMY LOAD CIRCUITS (Fig. 49) 


Resistors 510-1 and 510-2 are connected in 
Parallel across receptacle 560-1 to provide a 50- 
ohm dummy load for the transmitter of Trans- 
mitter-Receiver RT-48A/TPX-1. This dummy 
load may be used in place of the Antenna System 
AS-134/TPX, when it is desired to operate Trans- 
mitter-Receiver RT-48A/TPX-1 for test pur- 


poses. 


83. POWER-MEASURING CIRCUITS (Fig. 49) 


Peak voltage, generated across resistors 510-1 
and 510-2 when the transmitter output of Trans- 
mitter-Receiver RT-48A/TPX-1 is connected to 
receptacle 560-1, is rectified by diode tube 532. 
The rectified voltage appears across resistors 505 
and 506 in series. Capacitor 542-5 serves as 
filter capacitor. The electrical connections of 
capacitors 541-2 and 541-3 place them in parallel 
with capacitor 542-5; however, their capaci- 
tance, physical dimensions, and location are such 


that they perform a function in the circuit en- 
tirely different from that of capacitor 542-5. 
They are mounted directly on the tube socket of 
tube 532 and counteract the effect of stray in- 
ductance in the input circuit of the tube. One- 
third of the d-c output voltage of tube 532 ap- 
pears across resistor 506 and is directly coupled 
to the grid of the right-hand triode section of 
tube 531-2. This triode functions as a peak vac- 
uum tube voltmeter, and its cathode current is 
indicated on meter 566 when METER SWITCH 
575 is in TRANS. POWER position. Resistor 
509 is used to bleed a small amount of current 
through cathode resistor 508, with the result that 
the tube is cut off and the meter reading is zero 
in the absence of any transmitter output. Capaci- 
tor 543 bypasses cathode resistor 508 and smooths 
out any pulsations which may be present, thereby 
maintaining a constant current flowing through 
meter 566 for a given peak power input at recep- 
tacle 560-1, regardless of the pulse repetition fre- 
quency. A calibration of transmitter peak power 
versus meter reading is shown in figure 23. 
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Section V 


METERING SYSTEM 


84. METER (Fig. 49) 


Meter 566 is a 1-milliampere d-c meter which 
may be switched into various circuits to perform 
all metering functions for Radar Set AN/TPX-4. 
The meter is always operated with fuse 567 in 
series. 


85. METERING CIRCUITS 


METER SWITCH 575 selects the following 
positions for meter 566: 

a. TRANS. POWER. With METER SWITCH 
575 in the TRANS. POWER position, the cathode 
current of the vacuum tube voltmeter (right-hand 
triode) section of tube 531-2 flows through meter 
566 whose indication is then proportional to the 
peak transmitter power applied to receptacle 
560-1 (par. 83). 

b. TRANS. FREQ. With the METER SWITCH 
in the TRANS. FREQ. position, the cathode cur- 
rent of the third audio amplifier (left-hand tri- 
ode) section of tube 531-2 flows through the meter. 
The meter indication will be maximum when the 


oscillating detector is tuned to the frequency of 
the IFF transmitter (par. 80). 


ce. TRANSCEIVER METERING. With the ME- 
TER SWITCH in the TRANSCEIVER METER- 
ING position, the meter is connected to receptacle 
563. From receptacle 563 it can be connected 
by Cord CG-76/TPX-1 to receptacle 266 on 
Transmitter-Receiver RT-48A/TPX-1 and used 
to meter currents selected by switch 263 on 
Transmitter-Receiver RT-48A/TPX-1 (pars. 67 
through 72). 


d. 500 VOLTS. With the METER SWITCH in 
the 500 VOLTS position, the meter is connected to 
the D.C. VOLTMETER binding posts through 
500,000-ohm resistor 513 and may be used as a 
zero to 500-volt, 1,000-ohm-per-volt test voltmeter. 


e. 50 VOLTS. With the METER SWITCH in 
the 50 VOLTS position, the meter is connected to 
the D.C. VOLTMETER binding posts through 
50,000-ohm resistor 512 and may be used as a zero 
to 50-volt, 1,000-ohm-per-volt test voltmeter. 


Section VI 


POWER-SUPPLY SYSTEM 


86. POWER-SUPPLY CIRCUITS (Fig. 49) 


A-c power is taken in on terminals A and B of. 


receptacle 562. The B side connects directly to 
the primary of power transformer 570. The 
A side connects through the LINE FUSE 568 
and LINE SWITCH 576-1 to either the 80-volt or 
115-volt tap on the transformer primary. Trans- 
former 570 has three secondary windings. One 
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supplies 400 volts, center-tapped, for the plate 
rectifier, one supplies 6.4 volts for all tube heat- 
ers except diode tube 532, and the third supplies 
6.4 volts for the heater of tube 532. Tube 5338 
is used as a full-wave rectifier and operates into 
a two-stage capacitor input filter using capaci- 
tors 544-1, 544-2, and 544-3, and resistors 511-1 
and 511-2. The filtered d-c output is regulated 
to 150 v_ by regulator tube 534(OD8/VR-150). 








Section VII 


SUMMARY OF OPERATION OF TEST SET TS-159/TPX 


87. COMPLETE BLOCK DIAGRAM (Fig. 50) 


a. Oscillating Detector. The oscillating detec- 
tor serves the dual purpose of an oscillator and a 
tuned detector. As an oscillator it generates a 
calibrated r-f signal which is radiated from the 
test set antenna to the antenna of the IFF equip- 
ment and used in tuning the IFF receiver. Asa 
tuned detector it is used in tuning the IFF trans- 
mitter. It detects the pulsed IFF transmitter 
output picked up on the test set antenna, pro- 
ducing an audio-frequency output whose ampli- 
tude is maximum when the IFF transmitter is 
tuned to the same frequency ‘as the detector in- 
put circuit. . 


b. Crystal Oscillator and Tripler. The crystal 
oscillator produces a 10-megacycle output which 


is used for two purposes: 


(1) Harmonics of the 10-mc crystal-oscillator 
signal are used for calibrating the oscillating de- 
tector. The harmonic output of the crystal oscil- 
lator beats with the signal produced by the oscil- 
lating detector. An audio beat-frequency signal 
will result whenever the oscillating detector fre- 
quency is at a harmonic of the crystal oscillator 
output, i.e., 160, 170, 180, or 190 megacycles. 


(2) The third harmonic of the crystal oscil- 
lator.is amplified by the tripler (frequency selec- 
tive amplifier) to produce a 30-megacycle output 
for use in aligning the i-f amplifier of the IFF 
receiver. 


c. Audio Amplifier. (1) The first and second 
stages of the audio amplifier are used to amplify 
the audio-frequency output of the oscillating de- 
tector. 


(2) The third stage of the audio amplifier pro- 
duces an output which has a d-c component pro- 
portional to the amplitude of the audio-frequency 
input signal. This output is fed to a d-c millia- 
meter and used as a tuning indication for tuning 
the IFF transmitter. The oiftput of this stage 
can also be heard on the headphones. The head- 
phones are used to listen to the beat note when 
calibrating the oscillating detector against har- 
monics of the crystal oscillator. 


d. Transmitter Dummy Load and Peak Vacuum 
Tube Voltmeter. The transmitter dummy load and 
peak vacuum tube voltmeter are used in measur- 
ing the power output of the IFF transmitter. The 
transmitter dummy load consists of a 50-ohm non- 
inductive load with a peak rectifier connected 
across it. The output of the peak rectifier is fed to 
a d-c peak vacuum tube voltmeter which produces 
a direct-current output proportional to the peak 
r-f output of the IFF transmitter. A d-c millia- 
meter is used to measure this current. 


e. Meter Switch. The meter switch selects the 
various metering circuits and connects a 1-mil- 
liampere d-c meter into these circuits in a man- 
ner such that the meter is used as an indicating 
instrument for measuring power, frequency, cur- 
rents, and voltages. 
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Chapter 3 
GENERAL TROUBLE-SHOOTING INFORMATION 


88. INTRODUCTION 


The purpose of this chapter is to aid personnel 
in locating and correcting faults as rapidly as 
possible. 

a. Trouble-Shooting Data. Take advantage of 
the inaterial supplied in this manual. Use the 
following trouble-shooting aids: 

(1) BLOCK DIAGRAMS indicate graphic- 
ally the electrical functioning of the circuit. 

(2) COMPLETE SCHEMATIC DIAGRAMS 
indicate all components and show all electrical 
connections to other units. 

(3) SIMPLIFIED AND PARTIAL SCHE- 
MATIC DIAGRAMS are particularly useful in 
trouble shooting. They facilitate the analysis of 
the electrical functioning of the circuit. 

(4) VOLTAGE, RESISTANCE, AND WAVE- 
FORM MEASUREMENTS AT SOCKET CON- 
NECTIONS are shown in the following chapters. 

(5) ILLUSTRATIONS OF COMPONENTS 
(front, top, and bottom views) aid in locating 
and identifying parts. 

b. Trouble-Shooting Steps. The first step when 
servicing a defective radar set is to sectionalize 
the fault. Sectionalization means tracing the 
fault to the system responsible for the abnormal 
operation of the set. The second step is to localize 
the fault. Localization means tracing the fault 
to the part responsible for the abnormal oper- 
ation of the set. Although some faults, such as 
burned-out resistors and r-f arcing, can be found 
easily by sight, smell, or hearing, the large ma- 
jority of them must be found by systematic volt- 
age checks, resistance measurements, and wave- 
form comparisons. The procedures to be fol- 
lower are explained in subparagraphs c and d 
below. 

e. Equipment Performance Log (EPL). The 
Equipment Performance Log is a record of the 
operation of the radar station. In the event of 
equipment failure or abnormal operation, refer- 
ence to the EPL aids in sectionalizing the defect. 
Particularly note any remarks in the EPL con- 
cerning the operation of the equipment within the 
previous 24 hours. Failure may be the result of 
&@ previous abnormal condition not serious enough 


in itself to have caused the equipment to go off the 
air at the time. This condition and the equip- 
ment or parts affected by it are entered in the 
log book. Always check the log before trouble 
shooting. 

d. Meter-Reading Sectionalization. Thoughtful 
interpretation of the meter readings may make 
the cause of trouble apparent. Paragraph 104 
presents a trouble-shooting chart based on meter 
readings. 

e. Localization. The following chapters de- 
scribe the method used in localizing faults within 
the individual systems. These chapters contain 
trouble-shooting charts which list abnormal 
symptoms, their causes, and the procedure for 
finding the exact location of the fault. 


89. VOLTAGE MEASUREMENTS 


a. General. Most equipment failures are the 
direct result of abnormal! voltages. Since voltage 
measurements are easily made and require no 
elaborate equipment, they are an indispensable 
aid to the repairman. Use all available data. 


CAUTION. — When measuring voltage in 
any r-f circuit, always shunt the meter with a 
small mica capacitor (approximately 0.00025 
mfd). R-f can damage a meter beyond repair. 


(1) To prevent overloading and damaging the 
voltmeter, set the meter on its highest range. 
Decrease the setting for accuracy. 

(2) When checking very Jow voltages, such as 
cathode bias, remember that a reading is ob- 
tained when the cathode circuit is open. Internal 
meter resistance may act as a bias resistor. Thus, 
the cathode voltage may be approximately nor- 
mal only as long as the voltmeter is connected 
between cathode and ground. Before measuring 
cathode voltage, check the resistance of the cir- 
cuit (with power off) to make sure that the cath- 
ode resistance is normal. 


b. High-Voltage Precautions. High voltages are 
dangerous and can easily prove fatal. When 


measuring voltages above a few hundred volts, 
observe the following precautions: 


(1) Connect the ground lead to the voltmeter. 
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(2) Put one hand in your pocket and keep it 
there. 
(3) Connect the test lead to the hot terminal. 
(4) If the voltage is greater than 300 volts: 
(a2) Shut the power off. 
(b) Connect the hot test lead. 
(c) Step away from the voltmeter and 
turn the power on. 
(d) Do not touch any part of the meter. 
(e) Note the reading and shut off the 
power. 
(f) Discharge any capacitors in the cir- 
cuit and remove the meter. 


c. Voltmeter Loading. If the voltmeter resist- 
ance is comparable to the circuit resistance, the 
voltmeter will indicate a lower voltage than the 
actual voltage present. 

(1) The resistance of the voltmeter on any 
range can always be calculated by the following 
simple rule: Resistance of voltmeter equals the 
ohms-per-volt value multiplied by the full-scale 
range in volts. Two examples are shown below. 

(a) Find the total resistance of a 1,000-ohms- 

per-volt voltmeter on the 300-volt 
range: 
R = 1,000 ohms/volt < 300 volts = 
300,000 ohms. 

(6) Find the total resistance of a 20,000- 
ohms-per-volt voltmeter on the 30-volt range: 

= 20,000 ohms/volt X 30 volts = 
0.6 megohm. 

(2) To minimize voltmeter loading in high- 

resistance circuits, use the highest voltmeter 
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range. Although only a small deflection is ob- 
tained (possibly only 5 divisions on a 100-divi- 
sion scale), the accuracy of the voltage measure- 
ment is increased. The decreased loading of the 
voltmeter more than compensates for the inaccu- 
racy resulting from reading only a small defliec- 
tion on the scale of the voltmeter. 


(3) When a voltmeter is loading a circuit, the 
effect can always be noted by comparing the volt- 
age readings on two successive ranges. If the 
voltage readings on the two do not agree, volt- 
meter loading is excessive. The reading, not the 
amount of needle deflection, on the highest range 
may be greater than on the lowest range. If the 
voltmeter loads the circuit heavily, the pointer 
deflection may remain nearly the same when the 
voltmeter is shifted from one range to another. 


(4) The voltage and resistance drawings used 
in this manual are based on readings taken with 
an actual meter. The ohms-per-volt sensitivity 
of the meter used is given in the drawing. When 
trouble-shooting, use a meter having the same 
sensitivity. 

d. Voltage Analysis. Figure 51 illustrates a 
typical amplifier stage. The values of the various 
parts and the input voltages are labeled. The 
normal voltages at the socket pins of tube V3 


are: 
| Pinno | 12 [sla] 5] e6{7] 8 


| Voltage | 6.36 | 6.3ac] 0/0 |6.36} 150] o| 208 


Note.—All voltages are d-c unless otherwise specified. 
The d-c readings were taken with a 1,000-ohm-per-volt 
voltmeter. 


Voltage analysis schematic diagram. 





(1) The voltage between pin 1 and the chassis 
is normally 6.36 volts (note chart above). This 
voltage should be the same as the voltage be- 
tween pin 5 and the chassis (subpar. (4) below). 


(2) The voltage between pin 2 and the chassis 
should be 6.3 volts a-c. Pin 2 is on one side of the 
filament. 

Note.—No connections are shown on the diagram be- 
cause the filaments of amplifier tubes are always con- 
nected to a low voltage a-c source. If this voltage 1s ab- 
normal, check the voltage across the filament transformer. 

(3) A Class A amplifier does not normally 
draw grid current; therefore, the voltage be- 
tween pin 4 and the chassis should be zero. If 
capacitor C1 short circuits, the high positive 
voltage on the plate of tube V2 is delivered to pin 
4, and a positive d-c voltage reading is obtained. 
An internal short circuit in the tube may cause 
a reading on this contact. 


(4) The voltage on pins 1 and 5 should be 
6.36 volts (see chart above). The plate-cathode 
voltage, screen-cathode voltage, and the grid- 
cathode voltage cause a current to flow through 
cathode resistor R3. This current is normally 
0.0053 ampere (5.3 ma), because the resistor is 
rated at 1,200 ohms and the voltage across it is 
6.36 volts: 


_E _ 6.36 _ = ae 
I =R 1,200 ~ 0.0053 ampere=5.3 milliamperes. 


(a) If there is no reading, check the plate-sup- 
ply voltage, tube V3, resistor R3, capacitor C2, 
and circuit. wiring. 

(b) If the voltage reading is low, the trouble 
may be low electron emission of tube V3, leaky 
capacitor C2, open-circuited resistors R4 or R85, 
shorted capacitor C3 or C4, low plate-supply volt- 
age, open-circuited coil L1, a poor connection, or 
a change in the value of any of the resistors. 

(c) If the voltage reading is high, the trouble 
may be a gassy tube, a short-circuited resistor, 
too high an applied voltage, or a connection in 
either the plate-cathode or screen grid-cathode 
circuits shorted by an external circuit. 

(5) Check the screen-grid voltage as follows: 

(a) The voltage at pin 6 should normally be 
150 volts and the voltage drop across the resistor 
should be 100 volts. (Voltage is 150 volts on one 
side of the resistor and 250 volts on the other 
side.) The normal current at this point is 0.0011 
ampere (1.1 ma): 


= —-— —__—_ = 0.0011 ampere = 1.1 ma. 
_(b) If no voltage reading is obtained at pin 6, 


check the applied voltage, resistor R4, capacitor 
C3, and associated circuit wiring. 


(c) If the voltage reading at pin 6 is low, 
check capacitor C3; the applied voltage, and the 
grid bias voltage. Low voltage may be the result 
of a gassy tube. 

Note.—A gassy tube or low grid bias of tube V3 in- 
creases the screen grid current. Increasing this current 
increases the voltage drop across resistor R4. If capacitor 
C3 is leaky or shorted, the screen grid of tube V3 is con- 
nected at or near ground potential, lowering the voltage on 
pin 6. The current through resistor R4 rises if capacitor 
C3 is shorted. Resistor R4 is then. the only resistance be- 
tween the applied voltage and the chassis ground and may 
burn out because of the high current flow. Any fault that 
causes a high current flow through the screen grid-cathode 
circuit burns out either resistor R3 or R4. 

(6) The voltage between pin 7 and ground 
is zero normally, because this pin is connected 
directly to the chassis ground. 

(7) The plate voltage is checked as follows: 

(a) The voltage between pin 8 and the chassis 
is normally 208 volts. This is one of the points 
in the plate-cathode circuit comprising resistors 
R8 and R5, coil L1, and the plate resistance of 
tube V3. The applied voltage in this circuit is 
250 volts. The voltage drop across resistor R5 
and coil L1 in series is 42 volts (250 volts minus 
208 volts). The current through resistor R5 and 


coil L1 is 0.0042 ampere (4.2 ma) : 
j= E-_44_ 
R= 10,025 

(b) If there is no voltage reading at pin 8, 
check the applied voltage, resistor R5, coil L1, 


= 0.0042 ampere = 4.2 ma. 


and connections between terminal 5 on terminal. 


strip T81 and pin 8. 


(c) If the voltage on contact 8 is low, the 
trouble may be a gassy tube V3, too low an ap- 
plied voltage, a shorted or leaky capacitor C2, or 
a shorted resistor R3, causing the current 
through the plate-cathode circuit to rise, and in- 
creasing the voltage drop across resistor R5 and 
coil L1. This increase lowers the voltage at pin 
8 and may burn out resistor R3 or R65. 


(d) If the voltage is high, check tube V3, re- 
sistor R3, resistor R5, and the applied voltage. 
If the tube is burned out or resistor R3 is open, 
no current can flow through the plate-cathode 
circuit, and there is nu voltage drop between 
the applied voltage and the plate of the tube. 

(8) Check capacitor C4 (coupling capacitor 
to the grid of tube V4) for a shorted or leaky 
condition by measuring the voltage between pin 4 
on tube V4 and the chassis ground. If positive 
d-c voltage is present at pin 4 of tube V4, the 
capacitor is leaky or shorted. 
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90. RESISTANCE MEASUREMENTS 


a. General. A fault developing in a circuit very 
often appears as a change in the resistance val- 
ves in the circuit. To assist in the localization 
of such faults, trouble-shooting data includes 
normal resistance values, as measured at the 
tube sockets and at the test jacks. Unless other- 
wise stated, these values are measured between 
indicated points and ground. It is often desir- 
able to measure the resistance from other points 
in the circuit, to determine whether the partic- 
ular points in the circuit are normal. To find the 
normal resistance value at any point, refer to the 
resistance charts or the schematic diagrams. 

(1) CORRECT USE OF THE LOW AND 
HIGH RANGES OF THE OHMMETER. Set 
the voltmeter at its lowest range when check- 
ing for circuit continuity. To check high resist- 
ance or leakage in capacitors or cables, use the 
highest range. 

(2) PARALLEL RESISTANCE. 

(a) When trouble shooting with a schematic 
diagram, remember that the total resistance of a 
parallel circuit is less than the smallest resistor 
in the network. If the value of a resistor is less 
than it should be, make a careful study of the 
schematic diagram and be sure that there are no 
parallel resistances. Before replacing a resistor, 
disconnect one terminal from the circuit and 
measure its resistance again. 

(6) In some cases, it is impossible to check a 
resistor that has a low-voltage transformer wind- 
ing connected across it. To measure a resistor 
in this type of circuit, disconnect one terminal 
from the circuit. 

(3) CHECKING GRID RESISTANCE. A 
false resistance reading may be obtained if a 
tube is still warm and the cathode is emitting 
electrons. Allow the tube to cool or reverse the 
ohmmeter test leads so that the negative ohm- 
meter test lead is applied to the grid. 

(4) TOLERANCE VALUES FOR RESIST- 
ANCE MEASUREMENTS. Toleravice means the 
normal difference or variation that is expected 
between the rated value of the resistor and its 
actual value. 

(a) Most resistors used in radar circuits have 
a maximum tolerance of 10 percent. For exam- 
ple, the grid resistor of a stage might have a 
rated value of 1 megohm. If the resistor is 
measured and found to have a value between 0.9 
megohm and 1.1 megohms, it is considered nor- 
mal. The ordinary resistors used in circuits are 
not replaced unless their values are off more than 
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20 percent. Some precision resistors and poten- 
tiometers are used. To check tolerance values, 
refer to chapter 6, maintenance parts list. 

(b) The tolerance value for transformer wind- 
ings is generally between 1 and 5 percent. Sus- 
pect a transformer which shows a resistance de- 
viating more than 5 percent from its rated value. 
Allow the transformer to cool before the resist- 
ance test is made. 

b. High-Resistance Measurements. Many leak- 
ages will not show up when measured at low volt- 
ages. Most ohmmeters use a maximum test volt- 
age of 15 volts on the highest resistance range. 
When it is necessary to measure resistance above 
a few megohms, or the leakage resistance be- 
tween conductors of a cable, the test should be 
made using a voltmeter and an applied voltage of 
100 volts or more. When it is possible to ground 
one end of the resistance being checked, one of 
the low-voltage power supplies in the equipment 
can be used to provide about 300 volts for mak- 
ing these high-resistance measurements. The 
manner in which such measurements are made 
is indicated in figure 52. Use this method only 
when the resistance being measured is very high. 
Do not touch the meter after the circuit has béen 
completed. An ammeter (plus the application of 
Ohm’s law) can be used to make the same meas- 
urement. The device being measured, however, 
may break down and short out during the test, 
destroying the meter. The method shown in fig- 
ure 52 protects the meter. Use a meter with an 
ohms-per-volt sensitivity of 1,000 or more. The 
resistance of the meter is equal to the ohms-per- 
volt sensitivity multiplied by the range to which 
the meter is set. The derivation of the formula 
Rx = 300 Rm is shown below. Rx is the un- 

x = Vv 


known resistance, Rm is the meter resistance, 
and V is the voltmeter reading: 

Rx _ 300-V 

, Rm” V 
If Rx is very large, V is small in comparison to 
300. Assuming that 300-V can be replaced by 
300, the formula Rx _ 300 is obtained. Solving 
Rm 


for Rx gives Rx = SS Rm. When making the 
measurement, first put the meter on the 800-volt 
scale to protect it in case Rx is very low. If the 
voltage used is not 300 volts, the correct value 
should be inserted in the formula in place of 300. 

c. Resistance Analysis. The low-voltage power 
supply shown in figure 53 is used as a sample of 
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Ry = 200 Ry (APPROX.) 


EXAMPLE 


V=§ VOLTS. THE METER IS USED ON ITS 300 VOLT 
RANGE AND HAS A RESISTANCE OF 1,000 OHMS-PER- 
VOLT. | 
Ry = 300 X 1,000# 300,000 OHMS. 
Ry: 222 x 30000018 MEGOHMS, 75559 
Figure 52. Measurement of high resistance. 


resistance analysis. If the fuse in the primary 
circuit of the power transformer blows, the cause 
is obviously an overload or short circuit in the 
unit, in the power supply itself, or in the primary 
circuit of the power transformer. 

(1) Points 1, 2, 3, 4, 5, and 6 represent con- 
nections to the output plug. Disconnect the plug 
and replace the blown fuse. It is unlikely that 
any damage will be done by blowing another 
fuse. Turn the power on. If the fuse blows 
again, the trouble was not in the unit to which 
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(2) If the fuse blows a second time, check the 
resistance between point 2 and ground. If this 
resistance is within 10 percent of 12,400 ohms 
(the sum of the resistances in the bleeder chain 
equals 12,400 ohms), the trouble is in the second- 
ary or primary of the transformer. For the pur- 
poses of this analysis, assume that the resistance 
is found to be much less than 12,400 ohms. 


(3) If the resistance between point 2 and 
ground is found to be zero, capacitor C3 is 


-shorted. To test the capacitor, disconnect its 


lead from point M. The actual resistance of the 
capacitor can then be measured. 

(4) A resistance between point 2 and ground 
of 550 ohms indicates that capacitor C2 is 
shorted; coi] L1 has a resistance of 550 ohms. 
Test capacitor C2 by disconnecting it from 
ground and measuring its resistance. 

(5) A resistance between point 2 and ground 
of 850 ohms indicates a short circuit in the rec- 
tifier tube, the filament winding, or capacitor C. 
To find the short, remove the tube from its socket 
and again measure the resistance between point 
2 and ground. If the fault is still present, it is 
either in capacitor C or in the filament winding. 
If the fault disappears when the tube is removed, 


power is applied. the trouble is in the tube. 
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Figure 53. Resistance analysis schematit diagram, 


(6) If the resistance between point 2 and 
ground is approximately 1,000 ohms, the trouble 
:s in either the circuit to the right or to the left 
of point M. To isolate the trouble, disconnect the 
circuit at M. If the resistance between point 2 
and ground is still much less than 12,400 ohms, 
the fault is in the bleeder chain. Measure the 
resistance of the individual resistors in the 
bleeder network: 

(a2) Measure the resistance between points 2 
and 3. If it is not reasonably close to 4,700 ohms, 
the resistor between these points should be re- 
placed. 

(b) If the above check is satisfactory, the re- 
sistance between point 3 and ground should be 
7,100 ohms. If the reading is zero, disconnect 
and check capacitor C4. If the capacitor C4 is 
normal, check the 3,200-ohm resistor. If the re- 
sistance between point 3 and ground is greater 
than zero but much less than 7,700 ohms, discon- 
nect capacitors C4, C5, and C6 from the circuit. 
Check the capacitors and the 1,500-ohm and 
3,000-ohm resistors individually. 


91. CURRENT MEASUREMENTS 


Current measurements, other than those indi- 
cated by the test-set meter, are not ordinarily re- 
quired in trouble shooting in the radar set. A 
current measurement can be made by opening 
the circuit and connecting an ammeter in series 
with the circuit. This procedure is not recom- 
mended except in very difficult cases. 

a. When the meter is inserted in a circuit to 
measure current, always insert it away from the 
r-f end of the resistance; for example, when 
measuring plate current, connect the meter at the 
power supply end of the resistor. 

CAUTION.—A meter has least protection 
against damage when it is used to measure 
current. Always set the current range to the 
highest value, then decrease the range to give 
& more accurate reading. Avoid working 
close to full-scale reading ; this increases the 
danger of overload. When measuring cur- 
rent in any r-f circuit always shunt the meter 
with a small mica capacitor (approximately 
0.00025 mfd). R-f can damage a meter be- 
yond repair. 

b. In most cases, current can be easily figured 
from Ohm’s law. The current to be measured 
usually flows through a resistance which is either 
known or can be measured with an ohmeter. The 
current flowing in the circuit can be determined 
by dividing the voltage drop across the resister 
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by its resistance value. The drop across the 
cathode resistor is a convenient method of de- 
termining the cathode current. 


92. CAPACITOR TESTS 

Leaky or shorted capaciters can be found by 
resistance checks. An open capacitor can best be 
checked by shunting a good capaciter across it. 
In r-f circuits, keep the lead to the capacitor as 
short as the original capacitor leads. In video 
and low-frequency circuits (less than 1 mega- 


' cycle), the test capaciter leads may be several 


inches long. 


93. TUBES 


a. Tube Failures. Tube failures are responsi- 
ble for a large percentage of the faults which 
occur. There are, however, too many tubes in 
the equipment for a trouble shooter to attempt to 
find a fault by indiscriminate tube changing. Do 
not resort to tube changing until the fault has 
been traced to a particular stage. 

(1) Before inserting a new tube in a circuit, 
note the position of all controls before making 
any changes. If retuning the controls with the 
new tube in the circuit does not correct the ab- 
normal condition, turn the controls to their orig- 
inal position and put the old tube back in the cir- 
cuit, unless a tube test proves that the tube is 
definitely bad. 

CAUTION.—In many high-frequency cir- 
cuits, the interelectrode capacitance of a tube 

is a part of a tuned circuit. Tube switching 

upsets the tuning of a circuit. The set may 

become seriously misaligned if too many tube 
substitutions are made. 

(2) When a tube is replaced, decide at once 
whether or not to keep the old tube. The result 
of indiscriminate tube changing is a spare-tube 
box full of tubes whose exact age and condition 
are uncertain. 

b. Tube Checking. Tube testers are used to 
check the emission of electrons from the cathode 
and to test for shortcd elements; a tester is not 
used to check the performance of high-voltage 
tubes, rectifiers, and some special tubes. Tube 
checkers are useful for checking receiving type 
tubes. 

(1) Results obtained from a tube checker are 
not always conclusive, because the conditions are 
not the same as those under which the tube oper- 
ates in the set. The final test of a tube is its 
replacement with a tube known to be good. Itis . 
quicker and more reliable to replace a suspected 








tube with a good one than to check it with the 
tube checker. 

(2) An operating chart and an instruction 
book are provided with the tube checker. This 
chart indicates the setting of the tube checker 
for each tube type. The number of controls, 
their arrangement, and their settings vary with 
different types of tube checkers. 

e. Pin Connections. Pin connections on tube 
sockets are numbered in a clockwise direction 
around the sockets when viewed from the bottom. 
The first pin clockwise from the keyway is pin 1. 
Any .tube element can be readily located by the 
pin numbers appearing on both the schematic 
diagrams and the wiring diagrams. 


94. CHECKING WAVEFORMS 

a. Signal Tracing. Following a voltage through 
a circuit is known as signal tracing. The terms 
signal means a sweep voltage, a step voltage, or 
any other waveform which appears in the vari- 
ous parts of the equipment. A departure from 


the normal waveform indicates a fault located 


after the point where it was observed to be normal. 
For example, a waveform observed to be normal 
at the grid of a stage and abnormal] at the plate of 
the same stage, indicates trouble in that stage. 

(1) When the waveform of a blocking-oscil- 
lator tube or a similar circuit is found to be ab- 
normal, replace the tube before making any fur- 
ther tests. If replacing the tube does not correct 
the trouble, put the original tube back in the 
circuit. 

(2) If a component does not give the proper 
waveforms, the fault may be the result of the 
absence of a synchronizing or triggering pulse 
from another component. Start signal tracing 
at the signal input to the component. 

(3) It is sometimes desirable to know defi- 
_ hitely whether a signal voltage is getting to the 
grid of the first tube in a channel. Remove the 
first tube in the channel to make the grid con- 
. nection of the tube available from the top of the 
chassis. Insert the test lead of the oscilloscope 
in the grid connection of the tube socket. 

b. Use of Test Oscilloscope. The outstanding 
advantage of the oscilloscope is that it can be 
used to observe and to measure waveforms at 
various points in the equipment. By comparing 
the observed waveforms with the actual refer- 
ence waveform shown in the data, the fault can 
be rapidly localized. If waveforms are measured 
at random, without logical procedure, loss of 
time results. Measuring waveforms with the 


test oscilloscope involves the following essential 
points: ; 

(1) INITIAL ADJUSTMENTS. Set up the 
oscilloscope in accordance with the manufactur- 
er’s instructions. 


(2) SWEEP FREQUENCY. Adjust the 
sweep frequency to a frequency lower than the 
repetition frequency of the waveform being ob- 
served. For ordinary measurements, adjust the 
sweep frequency so that two or three cycles of 
the waveform appear on the screen. If more 
detail is desired, increase the sweep amplitude to 
spread the waveform. 


(3) SYNCHRONIZATION. Avoid excessive 
synchronizing voltage. If the synchronization 
control is advanced too far, the sweep will be- 
come nonlinear, resulting in distortion. Be sure 
that the fine frequency control on the oscilloscope 
is set to obtain a nearly stationary image. Ad- 
vance the synchronization control only far enough 
to make the trace stationary. 


(4) POWER - FREQUENCY PICK-UP. If 
there is a fault, it may be impossible to obtain a 
stationary pattern, even though the oscilloscope 
frequency control is properly adjusted. This effect 
is usually the result of a power-frequency modula- 
tion or pick-up combined with the observed wave- 
form. Check by turning the oscilloscope sweep 
frequency to the lowest setting. If the effect is 
the result of cable pick-up, a stationary pattern 
can be obtained. Because of the much higher fre- 
quency of the waveform being.observed, the inside 
of this pattern is more or less filled. 


(5) REACTIONS OF OSCILLOSCOPE IN 
WAVEFORM. Remember that the oscilloscope, 
because it shunts capacitance and resistance 
across the circuit, modifies the actual operating 
waveforms present in the circuit. This does not 
affect the usefulness of waveform measurements. 
The reference waveforms shown in this manual 
were taken with a typical oscilloscope under the 
same conditions as those under which the repair- 
man takes the waveforms. 


(6) TEST LEADS. Avoid the use of a 


- shielded test lead or twisted leads when taking 


waveiorms, because they shunt a capacitance 
across the circuit under test and cause distortion. 
The waveforms shown in the test data were 
taken with an unshielded lead. Connect the 
ground lead at all times. | 

(a) Keep the ungrounded oscilloscope test lead 
away from other circuits to avoid feedback. 
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Bring test leads from the test points in a way 
which introduces a minimum amount of coupling. 

(b) Keep the leads to the oscilloscope short 
when measuring grid voltages. The smallest re- 
action on the waveform is introduced when meas- 
uring the voltage across the output (cathode) of 
a cathode follower, or of any low-impedance cir- 
cuit. 

(c) When measuring waveforms in high-im- 
pedance circuits, do. not handle the hot test lead. 
This action causes the waveform to be distorted 
as a result of loading the circuit and picking up 
power-frequency voltage. 

(d) If a signal voltage is picked up on the 
test leads, the oscilloscope indication may be mis- 
leading. For example; a signal may appear on 
the oscilloscope even when a plate-to-grid coup- 
ling capacitor is open. This effect occurs most 
often in circuits carrying narrow-pulse wave- 
forms. The waveform will be reduced in amplli- 
tude below the normal and will be distorted be- 
cause the high-frequency components are over- 
emphasized. 


(7) R-F AND I-F CIRCUITS. Never meas- 
ure waveforms in any of the r-f or i-f circuits. 
These frequencies are beyond the range of ordi- 
nary test oscilloscopes and no useful indications 
can be obtained. 


(8) REVERSING LINE PLUG. In some in- 
stances, a more stable pattern may be obtained 
by reversing the a-c line plug of the oscilloscope 
circuit. This may reduce the amount of power- 
frequency pick-up. 

(9) RELATIVE AMPLITUDE. When fol- 
lowing the path of the signal through a com- 
ponent, the amplitude of the waveform usually 
increases as the checking point is advanced from 
the input stage toward the output stage. This, 
however, is not always true. When going from 
the grid to the cathode of the cathode-follower 
stage, there is a loss of about 10 percent signal 
amplitude. This is a normal condition. Another 
example is in connection with wave-shaping cir- 
cuits, when a decrease in the width of a signal is 
sometimes accompanied by a decrease in ampli- 
tude (differentiating circuits) . | 

(10) CALIBRATION. If it is necessary to 
measure the voltage of the waveform, calibrate 
the oscilloscope by finding how many volts cor- 
respond to a 1-inch deflection on the screen. This 
is the sensitivity of the scope. 


(11) HIGH-VOLTAGE MEASUREMENTS. © 


To measure voltages above a few hundred volts. 
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turn the power off at the source before connect- 
ing the test lead. 

ec. Comparison of Waveforms. If there is no 
fault in the circuit or equipment, an actual wave- 
form taken at a point in the equipment should 
closely resemble the reference waveform. In 
some cases differences in shape may oecur for the 
following reasons: 

(1) The test leads to the oscilloscope are not 
placed properly. 

(2) The test oscilloscope used has values of 
input resistance and capacitance differing from 
those of the oscilloscope used when taking the 
reference waveforms. 

(3) The various equipment controls are in a 
different position from the settings used when 
taking the reference waveforms. 

(4) The frequency is different. 

(5) The vertical or horizontal amplitudes of 
the reference and the test patterns are not pro- 
portional. This produces apparent differences in 
the shape of the two waveforms although thére 
is no real difference. 


(6) Whether or not a waveform is regarded 
as abnormal! depends upon the symptom accom- 
panying the fault being traced. The discrepancy 
should be considered significant if the fault could 
be caused by a minor difference in waveform at 
the point under test. Otherwise, time should not 
be spent in hunting down the cause of relatively 
minor differences between the shape of the ref- 
erence waveforms and of the test waveforms. 


95. REPLACING PARTS 


Careless replacement of parts often creates 
new trouble. Note the following points: 


a. Before a part is unsoldered, note the position 
of the leads. If the part, such as a transformer, 
has a number of connections to it, tag each of the 
leads. 


b. Be careful not to damage other leads by pull- 
ing or pushing them out of place. 


ce. Drops of solder falling into the set may cause 
short circuits. A carelessly soldered connection 
is a very difficult fault to find. 

d. Replace parts in r-f or i-f circuits exactly as 
they were originally. A part having the same 
electrical value, but different physical size, may 
cause trouble in h-f circuits. Give particular at- 
tention to proper grounding. Use the same 
ground point as in the original wiring. Failure 
to observe these precautions results in decreased 
gain, or in oscillation of the circuit. 
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Figure 54. Plug PL-259, cable preparation and assembly. 


96. REPLACING CABLE CONNECTORS 


a. When insulation at a cable connector be- 
comes frayed, cracked, or cut, or when leads have 
pulled loose, repair or replacement is necessary. 
If the cord is long enough to permit cutting the 
wire back to where the insulation is in good con- 
dition, remove the connector and clean it care- 
fully, using crocus cloth and dry-cleaning sol- 
vent. If necessary, re-tin those surfaces to which 
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the wires are to be soldered. Prepare the wire 
and replace the connector. 


b. The following table specifies the termina- 
tions of the interconnecting and test cords fur- 
nished with Radar Set.-AN/TPX-4. All these 
cords are vinylite covered, making the replace- 
ment of connectors comparatively easy. Figures 
54 and 55 are self explanatory aids in the cable 
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Figure 5S. Plugs AN-3106-() and AN-3108-(), cable preparation. 


98 


INTERCONNECTING CORDS AND CABLES* 








Cord Terminal A Terminal B T Leder 
CG-100/U Plug Plug PL-259 50 bs 52-ohm 
(50 ft. 0”) UG-21/U and xial, 

angle AN t 
Adapter RG-8/ 
M-359 

CG-242/U Plug PL-259 Plug PL-259 22” 52-ohm 

coaxial 

An type 

RG-8/U 
CX-596/TPX Plug A3- Plug AN- 6 ft. 2-con- 

3106-18-3S 3108-18-3P ductor, rubber 

co--ered 

CG-282/TPX Lapp 26243 Plug 10 ft. 10” 

UG-21/U 52-ohm 

coaxial 

AN type 

RG-8/ 
Cord Termi- Termi- Termi- Termi- Termi- 
nalA nal B nal C nal D nal E 
CX-304/ Plug Plug Plug Plug Plug 
TPX-3 AN- AN- PL-259 PL-259 AN- 
3106- 3108- andangle andangle 3108- 
28-1P 22-17F Adapter Adapter 18-38 
M-359 M-359 
CORD CONNECTORS, TEST CABLES* 

Cord Terminal A Terminal B Type and 
ident 
CX-159/TPX-1 Plug-AN- Plug AN- 12”, 2-con- 

3108-18-3P 3108-18- 22S__— ductor, type 
WD-2/ 
CG-76/TPX-1 Plug AN- Plug AN- 72”, 2-con- 
3108. 18-4P 3108-18- 4S ___ ductor, type 
WD-2/ 
CG-109/TPX-1 Plug Plug PL-259 60”, 52-ohm 
P1-259 coaxial, 
N ty 
RG-8/ 
CG-110/TPX-1 Plug Mueller 60”, 50-ohm 
P1-259 No. 85 coaxial, 
crocodile AN type 
clips RG-58/U 


*For use and quantity supplied, see table in paragraph 9. 


preparation and assembly of Plugs PL-259, AN- 
3106-(), and AN-3108-(). Angle Adapter M-359 
needs no wiring. Connection to the Mueller croco- 
dile clips is obvious upon inspection. 

ce. Be extremely careful to attach the proper 
wire to the correct pin number on the multiwire 
assemblies. Use an ohmmeter to determine con- 
tinuity and to test for absence of shorts and 
cross connections. Ground connections must be 
electrically and mechanically secure. AN OPEN 
GROUND CONNECTION OR A MISPLACED 
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WIRE CAN CAUSE DEATH OR DAMAGE TO 
THE EQUIPMENT. 


d. When soldering, remember that flux cannot 
clean a dirty terminal. The primary consider- 
ations in soldering are a clean tinned terminal, a 
clean tinned wire, and a hot tinned soldering iron 
tip of the proper size. 


(1) Use only rosin-core solder. 


(2) Do not permit the melted flux or solder to 
flow around the pins or insulated part of the 
connector. 


(3) Avoid excessive heating of the pins and 
insulated parts of the connector. 


(4) A firm mechanical connection is necessary 
before beginning to solder. Clasp wire firmly to 
terminal to be soldered. 


(5) Do not touch clean terminal with fingers 
because an oily film will be deposited. 


(6) Apply the solder to the work, not to the 
iron. If the terminal is heated sufficiently, the 
solder will melt readily upon contact and adhere 
to the work, whereas when the solder is applied 
to the iron, it will cool when it hits the terminal 
and form a cold soldered joint which can be dis- 
lodged easily. 


(7) If the solder forms globules and runs off 
the surface of the terminals, dirt, oil, or impro- 
per tinning is indicated. 


(8) Be careful not to move the terminal or the 
wire when withdrawing the iron and before the 
solder has cooled to a bright hard joint. Any 
movement of the solder while it is solidifying will 
cause it to crystalize into a granular mass which 
will not adhere properly and which will make a 
high-resistance connection. 


(9) Remove excess rosin and particles of sol- 
der and clean these surfaces carefully with dry- 
cleaning solvent. Even a microscopic film of 
rosin changes the characteristics of high-fre- 
quency circuits. 


(10) When soldering in difficult places, see 
that no damage or short circuits have been 
caused by contact of iron with surrounding wir- 
ing. Use the proper soldering iron tip to avoid 
burning the insulation of nearby wires. 
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Chapter 4 
TROUBLE SHOOTING THE OPERATING EQUIPMENT 
RADAR SET AN/TPX-4 


Section I 


TROUBLE SHOOTING BASED ON THE EQUIPMENT 
PERFORMANCE LOG 


97. TROUBLE SHOOTING BASED ON LOG 
ITEMS 


a. The record kept by the operating personnel 
in the Equipment Performance Log is very val- 
uable to the trouble shooter. Item 23 (par. 32b) 
is a record of the range in yards of the farthest 
IFF target. The three possible reasons for a 
maximum range entry less than 60,000 yards 
are: 


(1) No friendly aircraft was 60,000 yards 
away in the period covered by each log entry. 


(2) The transmitter power was too low to 
trigger the transpondor in a friendly aircraft 
60,000 yards away. 


(3) The receiver output was too low to receive 
response from a friendly aircraft 60,000 yards 
away. 


b. Item 29 (par. 32b) is a record of the over-all 
performance of the IFF equipment, and the en- 
tries under NOTES which refer to item 29 should 
clarify doubtful entries under item 23. 


ce. Item 30a (par. 33) is a record of peak power 
output. If the power output is adequate, an N* 
entry in item 29 must be due to a faulty receiv- 
ing system. If the receiver cannot be improved 
sufficiently by tuning (par. 32b), the most likely 
defect is in a tube. Try replacing the following 
tubes in the sequence given. Leave in the set 
each replacement tube that shows a noticeable 
improvement. 


956 
956 
956 
6AC7/1852 
6AC7/1852 


6AC7/1852 
6AC7/1852 
6AC7/1852 
955* 

6V6GT/G* 
6H6GT/G* 





*It is unlikely that these tubes are the cause of trouble. 





98. TROUBLE SHOOTING BASED ON METER READING 


Paragraph 33 gives instructions for keeping a record of vacuum tube voltages and currents. If.this 
record shows reductions from the normal values, figure 45 and paragraphs 68 through 71 suggest the 


following interpretations and corrective steps: 


METERING | Typical normal values 
SWITCH _|with challenge switch at: 
position RADAR IFF 











(2C26). 


Drops progressively, power sab ik drops, OSC. VOLT. and MOD. CURR. 
readings remain normal; repla 
off e, MOD. CURR. an 


Drops progressively, accompanied by arp in-OSC. CURR. and trans- 
mitter power; pepiace tube 233 (2X2/879). 
Drops progressively 

VOLT. normal; replace tube 234 (6SN7-GT). 
Drops progressively; replace tube 282 (5U4G). 






Possible meaning of change from normal 






ce tube 231 (2C26). Reads very high o 
MOD. VOLT. normal; replace tube 231 








, accompanied by drop in transmitter power, MOD. 
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Section II 


GENERAL TROUBLE SHOOTING OF THE OPERATING 
EQUIPMENT, RADAR SET AN/TPX-4 


WARNING .—Voltages sufficient to cause death on contact are exposed at 
many points in the transmitter-receiver. Always ground high-voltage capaci- 
tors before touching them or their associated circuits. Do not depend upon 
bleeders. If the safety interlock switch 265 is tied down for a test or measure- 
ment, there is no protection against high voltage. Do not place hands, arms, 
or tools within the transmitter-receiver when the power is on. 


99. REFERENCE DATA 


The following illustrations are supplied to as- 
sist maintenance personnel to trouble shoot the 
operating equipment. 





Fig. No. Subject 

47 Schematic diagram. (See also partial and 
simplified schematics, figs. 33, 35, 37, 40 
through 45. 

57 Tube location diagram. 

58 Tube base connections. 

59 through 68 rere location illustrations, receiver 
chassis. 

69 through 71 | Voltage, resistance, and waveform dia- 
grams, receiver chassis. (All voltages 
specified in this manual, whether on 
schematic or on voltage diagrams, are 
measured with a 1,000-ohm-per-volt d-c 
meter to ground, unless otherwise 
stated.) 

12 Wiring di of receiver chassis. 

78 through 78 al location illustrations, transmitter 
chassis. 

79 through 81 | Voltage, resistance, and waveform dia- 
grams, transmitter chassis. 

82 Wiring diagram of transmitter chassis. 

56 Capacitor and resistor. color codes. 

100. GENERAL 


a. Preliminary. If it becomes necessary to op- 
erate the transmitter-receiver outside its case, 
block the safety interlock switch 265 by depress- 
ing the actuator spring until a click is heard. A 
piece of tape or string may be used to hold it 
down. 


CAUTION.—WHEN THE INTERLOCK 
IS BLOCKED THERE IS NO PROTEC- 
TION AGAINST VOLTAGE AS HIGH AS 
2,500 VOLTS. WORK WITH ONLY ONE 
HAND PLACE THE OTHER HAND IN 
YOUR POCKET. BE SURE STRING OR 
TAPE IS REMOVED BEFORE REPLAC- 
ING TRANSMITTER-RECEIVER IN ITS 
CASE. 


b. Procedure. Attempt. to diagnose trouble in 
advance by using the meter readings and oper- 
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ating indications. .Study the trouble location and 
remedy chart (par. 103). Turn the power off 
and check the suspected defective components 
with an ohmmeter. Use the resistance charts, 
figures 70 and 80. If this method does not locate 
the trouble, block the safety interlock switch 265 
and make voltage measurements as required us- 
ing voltage charts, figures 69 and 79. 


ce. Shorting Plug. Plug PL-259 with the inner 
connector shorted to the plug body is provided 
in a pocket of the cloth roll containing the tools. 
In order to operate the receiver without allowing 
the transmitter to operate, attach this shorting 
plug to the SYNC. OUT receptacle on the trans- 
mitter-receiver front panel. This connection 
shorts out the sync pulse trigger to the trans- 
mitter (Fig. 47). 


d. Dummy Load. A dummy load Plug PL-259 
with a 50-ohm, 1-watt carbon resistor connected 
between the inner conductor and the plug body 
is provided in a pocket of the cloth roll contain- 
ing the tools. Normally, the test-set power- 
measuring circuit is used as a dummy load when 
it is desiréd to operate the transmitter without 
radiating a signal. Connection to the test set is 
made as described in paragraph 33, item 30a. If 
the test set is not available, however, attach the 
dummy load plug to the TRANSMITTER AN- 
TENNA receptacle on the front panel of the 
transmitter-receiver. 


WARNING.—Do not remove the antenna 
cord from the TRANSMITTER ANTENNA 
receptacle when the transmitter is operating. 
The transmitter can be damaged during the 
time it takes to replace the transmitter an- 
tenna cord with the dummy load plug or the 
cord to the test set. Either throw the CHAL- 
LENGE switch to OFF or the IFF switch to 
off, or kill the sync trigger with the shorting 
plug at the SYNC, OUT receptacle (subpar. 
c above), 








e. Voltmeter. Test Set TS-159/TPX has two 
binding posts, marked + and —, and designated 
D.C. VOLTMETER. These are connections for 
using the test-set meter as a 1,000-ohm-per-volt 
voltmeter. The two ranges available, 0-59 volts 
and 0-500 volts, can be selected by the METER 
SWITCH on the test-set front panel. 

(1):The 0-50 volt range is marked 50 VOLTS 
on the METER SWITCH calibration. - As the 
meter scale reads 0-1 ma, it is necessary to mul- 
tiply the meter reading by 50 to determine the 
volt reading on the 50 VOLT position of the 
METER SWITCH. For example, a reading of 
0.35 ma means 171% volts (0.35 X 50 = 17.5). 

(2). The 0-500 volt range is marked 500 
VOLTS on the METER SWITCH calibration. 
Multiply the meter reading by 500 to determine 
the volt reading on the 500 VOLT position of the 
METER SWITCH. For example, a reading of 
0.47 ma means 235 volts (0.47 X 500 = 235). 


101. REMOVAL OF CHE:.SSIS FROM CASE 
To remove the chassis of the transmitter-re- 


ceiver from its case, loosen the four bright- 


nickel-plated, slotted, 34-inch hex.-head captive 
screws located just above and below the handles. 
Use the 8-inch hex. socket wrench provided in 
the tool.equipment. Then pull straight out on 
the handles. 

Note.—Try to avoid separating the two chassis; most 
trouble shooting can be completed without this separation. 
The screws which hold the two chassis together are fas- 


tened into tapped extrusions of the chassis metal. The 
threads of these extrusions wear out rapidly. 


102. TUBE REPLACEMENT (Figs. 57, 64, 
and 74) 


Most of the tubes can be readily removed with- 
out special methods. The following tubes re- 
quire special attention. 

a. R-F Tubes 130-1, 130-2, and 130-3 (956). 
Remove the six screws which hold the r-f shield 


/ 


cover in place. Remove the plate and grid caps 
by sliding them along and off the end of the tube. 
tips. Remove the tubes by rocking them in a 
vertical plane to free the lower group of prongs 
and then by pulling them out to the left. Re 
place the tubes by centering the prongs over the 
socket clips and giving them a firm push. Re- 
place the grid and plate clips by pushing them 
on at right angles to the tip, using one finger 


to support the tip. Note that the grid and plate 


clips are identical in action with the socket clips. 
These tubes are delicate and should be handled 
carefully. 

b. Low-Voltage Rectifier 232 (5U4). To re- 
move tube, press the spring washer clamp down 
against the chassis with one hand and rock and 
pull upward with the other hand. An alternate 
method is to push down the clamp and hold the 
tube base with one hand, and push the tube out 
of the socket by pushing on the octal locating pin 
from the bottom of the socket. The 3/16-inch 
socket wrench in the tool equipment makes an 
ideal tool with which to push. To replace the 
tube; push the tube clamp down to the chassis, 
insert the tube, rotate the tube to locate the key 
in the tube base, and then push firmly downward. 


ce. High-Voltage Rectifier 233 (2X2). This tube 
uses a clamp similar to that used on tube 232. 


Depress both sides of the clamp attached to the 


chassis in order to insert or remove the tube. 


d. Transmitter Oscillator 231 (2C26). In order 
to remove this tube, first remove the 2X2/879 
rectifier tube 233. Remove the grid and plate 
caps by pinching the small wings together. This 
spreads the caps so that they may be lifted off. 
Hold the tube with one hand and push on the 
locating pin from the bottom of the socket with 
a 3/16-inch socket wrench. To replace the tube, 
locate the base key and push firmly downward. 
Pinch the plate and grid cap wings when replac- 
ing them. 





103. TRANSMITTER-RECEIVER TROUBLE-SHOOTING CHART 


Symptom 


a. NoIFF display. Filaments not 


lighted. Blower motor dead. on A.C. IN 


b. IFF operates but blower motor 
does not run. 


Possible Fault and Remedy 


Check transmitter-receiver line fuse 269. Check for 115-v a-c from terminals A and B 
lug on Cord CX-304/TPX-3. T 
Check IFF circuit breaker on radar set. 


Check blower motor for connections to capacitor 241. Check capacitor 241. Check 
. blower windings for continuity. Terminal resistance is 90 ohms from 1 to 2, and 70 


. Trace a-c through interlock switch 265. 


ohms from 3 to 4. Remove air filter and rotate blower wheel by hand to check for 
brozen bearings. 


e Tubes lighted, blower operat- 
ing, no IFF display. no IFF| tions below. 
main pulse. 


Check for radar display on A-scope to check A-scope operation. Check as per suggese- 


103. TRANSMITTER-RECEIVER TROUBLE-SHOOTING CHART (cont’d) 


Symptom 
d. Low receiver shown by 
absence of noise and distant 


responses. 

e. Receiver noise normal on A- 
scope. No main pulse or re- 
sponses. 


f. Transmitter power low or zero 


(par. 33). 
g- OSC. VOLT. zero. 
h. OSC. VOLT. low. 


i. MOD. VOLT. zero, OSC. 
VOLT: normal or slightly low. 


j. MOD. VOLT. low. 


k. MOD. and OSC. voltage about 
85 percent high. 


lL OSC. CURR. and transmitter 


wer zero. OSC. VOLT. and 
OD. VOLT. normal. 

m, Transmitter pulses not prop- 
erly synchronized. Responses 
and main pulse do not break 
baseline. Stray responses drift 
through display. 


na. OSC. CURR. high, OSC. VOLT. 


and MOD. VO T. normal. 


o. Receiver gain control inoper- 


ative. 


p- Cannot tune transmitter to de- 


sired frequency. 


q. Cannot tune receiver to test 
set. Receiver responds to false 
anal not coming from test 
se 





Possible Fault and Remedy 


Check to see that IFF GAIN is full on. Check transmitter power. Check MOD. VOLT. 


If normal, signal trace the receiver following the suggestions made in paragraph 104. 


Transmitter either ino tive or mistuned. Check OSC. VOLT., OSC. CURR., and 
transmitter power. Check transmitter tuning. 


Check OSC. VOLT., OSC. CURR., MOD. VOLT., and MOD. CURR. Follow 
tions below. Refer also to paragraphs 97 and 98. If all meter readings but MOD. 
CURR. are normal, replace tube 231 (2026). 


Try new rectifier tube 233 (2X2/679). Check high voltage rectifier circuit for opens 


or shorts. DO NOT OPERATE SE'1' IN THIS CONDITION. 
Try new rectifier tube 233 (2X2/879). Check for o or eery rs asta 249, and 
transformer 270. DO NOT OPERATE SET IN THIS CONDITION. 


Try new rectifier tube 232 (5U4G). Check for shorts or opens in 300-volt rectifier cir- 
cuit. If short is in receiver chassis, remove interconnecting cable plug 167. DO NOT 
OPERATE SET IN THIS CONDITION. 


Try new rectifier tube 232 (5U4G). Filter capacitor 247-1 may posy be open, or 


half-wave rectification exists because of an open in transformer 270. 

Check primary connections on transformers 270 and 271 for 115-volt connection. They 
may be connected for 80 volts. 

Make sure IFF-RADAR switch is in IFF 
transmitter tube 231 (2C26). Check m 
and 134. Check for open capacitor 242-A. 

See if removing plug from SYNC. IN lowers OSC. CURR. about 50 percent. If not, 
transmitter is not being synchronized. Check for synchronizing voltage from radar. 
Check synchronizing amplifier stage (131-5, 6AC7/1852). 


sition and is operating properly. Try new 
ulator for pulse output. Check tubes 131-5 


Tube 231 (2C26) may be defective. Make sure transmitter load is connected. Check 
d-c voltage at junction of choke 272-4 and resistor 212. If in excess of 90 volts, defect 
may be in modulator cathode circuit. Check for open cathode resistor 209. 


Check IFF GAIN control in radar, and circuits in receiver leading from terminals 


D and H on receptacle 262. 


Make certain the dial is tight on shaft of capacitor 245. Check test set. Increase test 


set antenna pick-up by moving test set to another position. Try bringing hand near 
test set antenna. Rotate antenna to face test set. Check transmitter power. 

Remove Cord CG-242/U from RECEIVER ANTENNA receptacle. If this eliminates 
false responses, they are probably due to interfering c-w signals. Obtain permission 
to change frequency. If false signal indications remain, the defect is in the receiver. 
Try tuning with CHALLENGE switch in OFF position. This lowers the gain of the 
receiver but will eliminate false responses during tuning. If the false nse is 
found with the RECEIVER OSCILLATOR dial between 4 and 5 and the MIXER 
adjustment screwed out, the mixer js tuned to the local oscillator f eciuelcy. To 
tune the receiver to the hi na reueney end of the band, screw the MIXER, R-F, and 
ANTENNA controls nearly‘all the way in and try tuning again. To tune to the mid- 
dle or low end of the band, search carefully for a response between 4 and 1 on the 
RECEIVER OSCILLATOR DIAL. 





104. SIGNAL TRACING THE RECEIVING 


SYSTEM 


a. I-F Amplifier Tests. Test Set TS-159/TPX 
can be used to trace defects or circuit faults in 
the i-f amplifier as follows: 


(1) Connect Cord CG-110/TPX-1 to the 30 


(4) Set the METERING SWITCH on the 
transmitter-receiver to the DIODE CURR. po- 
sition. 

(5) Attach the red clip on Cord CG-110/ 
TPX-1 to the grid (pin 4) of the fourth i-f tube 
131-4 (6AC7), and attach the black clip to 
ground (chassis). 


M.C. OUTPUT of Test Set TS-159/TPX. This 
cable has two rubber-sleeved clips at one end to 
be used in supplying the 30 mc signal to the 
receiver. 

(2) Connect Cords CX-159/TPX-1 and CG- 
716/TPX-1 from the transmitter-receiver to the 
test set (see pars. 23b and 25c). 

(3) Set the METER SWITCH on the test set 
to the TRANSCEIVER METERING position. 
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(6) Set the LINE SWITCH on the test set, 
and the IFF switch on the radar set to ON. 

(7) Throw the DETECTOR switch on the test 
set to the NON-OSC. position. Set the 30 M.C. 
ATTENUATOR to full position (extreme clock- 
wise rotation). 

(8) An approximate midscale diode current 
indication shows that the fourth i-f stage and 
the second detector diode stage are operating. 


(9) Turn off the transmitter-receiver. 

(10) Attach the red clip lead to the grid of the 
third i-f tube 131-3 (6AC7), and attach the black 
clip lead to ground (chassis). Snap on the IFF 
switch and check diode current as before. The 
diode current meter should read off-scale until the 
80 M.C. ATTENUATOR control is backed off. 

(11) Repeat readings of diode current for the 
second and first i-f stages, tubes, 131-2 and 131-1. 
Appreciable gain in each stage is indicated by 
the need to back down the 30 M.C. ATTENU- 
ATOR. 

(12) When checking the first i-f stage, the 
IFF GAIN control should vary the diode current 
meter from zero to off-scale. To avoid regener- 
ation, the JFF GAIN control should not be set 
beyond half scale during this test. 

(18) Connect the test cable to the mixer grid 
130-8 (956), and again observe diode current. 
Keep IFF GAIN below half scale. 

(14) No diode current reading or lack of in- 
creased sensitivity at any stage indicates a defec- 
tive tube or a circuit fault. When proceeding 
from the fourth i-f grid to the mixer grid, the 
30 M.C. ATTENUATOR should be reduced (coun- 
terclockwise) to keep the diode-current meter 
reading on scale. 

(15) If no gain or little gain is found in any 
stage, try a new tube. If this does not help, 
check the tube socket pins for proper voltages. 
Check for open bypass capacitors by trying a 
new capacitor in parallel. 

b. R-F Amplifier Tests. Do not make these tests 
until the i-f amplifier has been’ tested and is 
operating properly. For purposes of testing or 
trouble shooting only (not for r-f alignment), 
sufficient r-f signal is supplied by the 30 M.C. 
OUTPUT plug on the test set with the 30 M.C. 
ATTENUATOR in the extreme counterclockwise 
position. 

(1) Set up for testing as directed in subpara- 
graphs a(1) to (4) above. 

(2) Set the 30 M.C. ATTENUATOR on the 


test set to the extreme counterclockwise position. | 


(3) Attach the red clip to the grid of the 
mixer tube 130-3 (956), and attach the black clip 
to ground (chassis). 

(4) Set the DETECTOR TUNING dial on the 
test set to the desired operating frequency and 
throw the DETECTOR switch to the OSC. posi- 
tion. 

(5) Set the LINE SWITCH on the test set 
and the IF F switch on the radar to ON. 

(6) Set the IFF GAIN control to full. 


(7) Tune the RECEIVER OSCILLATOR for 
& maximum diode current reading. 

(8) No diode current rise indicates a defec- 
tive receiver oscillator tube 182 (955). 

(9) Remove the red clip from the mixer tube 
grid and attach it to the grid of the second r-f 
tube 130-2 (956), and attach the black clip to 
ground. 

(10) Tune the MIXER tuning control for 
maximum diode current. The diode current me- 
ter should read off-scale unless the IFF GAIN 
control is reduced. No diode current reading in- 
dicates a bad tube or a circuit fault in the 
second r-f amplifier stage. 

(11) Remove the red clip from the second r-f 
tube grid and attach it to the first r-f tube grid 
130-1 (956), and attach the black clip to ground. 

(12) Tune the R.F. tuning control for max- 
imum diode current reading. No diode current 
reading indicates a bad tube or a circuit fault in 
the first r-f amplifier stage. 

(13) When a defective stage is found, check 
the operating voltages at the tube socket ter- 
minals to locate a circuit fault. Replace any de- 
fective tube. 

Note.— When 4g dred antenna coil 171, r-f coil 172-1, 
or mixer coil 172-2 in the field, itgnay be found that the 
turn spacing of the spare coil n adjustment. This con- 
dition can be checked bY attempting to align the set at both 
the low-frequency and high-frequency ends of the band. 
If the replaced coil does not tune to a proper peak at a low- 
frequency end, squeeze the coil turns together until a 
proper peak is found. If the coil does not peak at the high- 

requency end, spread the turns apart. After each change 
in turn spacing, check both ends of the band. 

ce. Video Amplifier Tests. Do not make these 
tests until the r-f and i-f amplifiers have been 
tested and are operating properly. A suitable 
test pulse for checking video operation is ob- 
tained by observing the transmitter main pulse 
on the radar A-scope. 

(1) Check transmitter and receiver tuning. 
They should be within 1 megacycle of each other. 

(2) Observe the receiver VIDEO OUTPUT 
either by using the 30,000 yd. sweep on the 
A-scope or by using a test oscilloscope. If a test 
oscilloscope is used, the voltage appearing at the 
SYNC. OUT receptacle may be used to synchro- 
nize the oscilloscope. The transmitter pulses are 
of very short duration and must be observed 
carefully. 

(3) Increase the PEAK VIDEO control to the 
maximum clockwise position. The pulse should 
increase to approximately 90 volts maximum. 

(4) If no pulse is obtained, connect the test 
oscilloscope to the grid of the second video tube 
133 (6V6-GT). Remove tube 133 to make sure a 
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shorted grid does not ground the signal. If the 
signal is obtained at this point, the defect is in 
tube 133 or one of its circuits. 

(5) If no pulse is obtained on the grid of tube 
1338, check at the grid of tube 131-6, the 6AC7/ 
1852 first video amplifier. If the receiver is 
working as far as the diode (subpars. a and b 
above), pulses should be found at this point. The 
level will be low (not over 10 volts). Remove 
tube 131-6 so that the signal will not be shorted 
out by a possible shorted tube grid. If pulses are 
found at this point, check the first video tube and 
associated circuits. 


105. REMOVAL AND REPLACEMENT OF 
PARTS 


a. Separation of the Two Chassis. See note in 
paragraph 101. Make certain that it is neces- 
sary to separate the chassis before beginning. 
If necessary, proceed as follows: 

(1) Stand the assembly on its side so that 
the two rear support bars are parallel to the 
table. 

(2) Remove the four screws which join the 
receiver portion to the transmitter portion of the 
front panel. 

(3) Remove the nuts which hold the handles 
to the receiver portion and loosen the nuts which 
hold the handles to the transmitter portion of 
the front panel. _ 

(4) Swing the handles clear of the receiver 
panel. 

(5) Remove the two screws which hold each 
rear chassis-support bracket to the receiver 
chassis. 

(6) Remove the Jones plug (167). 

(7) Remove the receiver chassis from the 
transmitter chassis. 

Note.—When reassembling, be extremely careful to 
avoid stripping the threads when starting the screws into 
the tapped holes of the aluminum panels. 

b. Replacement of Tuning Slug (Fig. 63). Fig- 
ure 63 shows a typical tuning-slug assembly. To 
replace slug, proceed as follows: 

(1) Screw in the slug to within a few turns of 
the end. 

(2) Loosen the Allen setscrew (fig. 63-A) 
which holds the hex driving nut (fig. 63-B) to 
the tuning-slug screw (fig. 63-D). 

(3) Unscrew and remove the hex driving nut 
(fig. 638-B). 

(4) Loosen the two screws (fig. 68-C) which 
hold the antibacklash nut retainer angle. 
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(5) With a small screwdriver, screw in the 
tuning-slug screw (fig. 63-D) until the back end 
of the slug appears outside the rear of the coil 
form (fig. 63-E). Screw out the slug the rest of 
the way by hand. Be careful not to lose the anti- 
backlash nut (fig. 63-F) and the spring washer 
behind it. 

(6) Grease the threaded portion of the new 
tuning slug with Grease, Lubricating, Special, 
Ordnance AXS-637. 

(7) Insert the new tuning slug by reversing 
the above procedure. 

(8) Adjust the antibacklash nut for minimum 
tension with no axial play. 

ce. Replacement of R.F. Coil 171 or ANTENNA 
Coil 172-1 (Fig. 63). 

(1) Remove the tuning slug as described in 
subparagraph b above. 

(2) Unsolder all connections to the old coil. 

(3) Remove the two screws (fig. 63-G) which 
hold the bakelite tail block (fig. 63-H) to the 
mounting angle. 

(4) Remove the assembly which consists of 
the coil on the coil form (fig. 63-E) and the bake- 
lite tail block (fig. 68-H) 

(5) Remove the coil form from thé bakelite 
tail block. 

(6) Install the bakelite tail block on the new 
coil form. 

(7) Replace the assembly which consists of 
the new coil on the new coil form and the old 
bakelite tail block. Simply reverse the above 
procedure. 

d. Replacement of MIXER Coil 172-2 (Fig. 60). 
The procedure for replacing coil 172-2 is the 
same as described in subparagraph ¢ above, except 
that the pulse oscillator resistor board (fig. 60) 
prevents the moving of the coil assembly back in 
order to remove it. It is therefore necessary to 
loosen the two screws which mount this resistor 
board to the chassis so that the board can be 
moved aside. 

e. Replacement of Components on the Fila- 
ment and Cathode Side of Tubes 130-1 and 130-2 
(Fig. 63). 

(1) Screw in the tuning slugs as far as they 
will go. 

(2) Remove the five screws which hold the 
entire r-f assembly to the main chassis. 

(8) Twist the r-f assembly so that the mount- 
ing screws (fig. 63-1) holding the socket mount- 
ing shelves can be removed. 





(4) Twist the socket mounting shelves so that 
the desired components are accessible. 


f. Removal of Capacitor 242 (Figs. 73 and 74). 
Loosen the blower mounting screws in order to 
remove capacitor 242. 


106. RECEIVER ALIGNMENT 


a. Introduction. A complete receiver alignment 
consists of the following operations: 


(1) I-f amplifier for maximum diode current 
with 30-mc input to mixer grid. 


(2) Preliminary adjustment of local oscillator 
(RECEIVER OSCILLATOR) for maximum di- 
ode current with desired r-f frequency input to 
the RECEIVER ANTENNA receptacle. 


(3) Adjustment of ANTENNA, R.F., and 
MIXER trimmers for maximum diode current 
with desired r-f frequency input. 


(4) Final adjustment of local oscillator (RE- 
CEIVER OSCILLATOR) with desired r-f fre- 
quency input. 


b. I-F Amplifier Alignment. (1) Thei-f ampli- 
fier should be aligned only with exactly 30-mc 
input. This signal is available from the 30 M.C. 
OUTPUT receptacle on Test Set TS-159/TPX. 
Never align the i-f amplifier with an r-f signal 
applied to the receiver input. This precaution 
is necessary because of the tuned trap system 
used to broaden the i-f band. The traps are fac- 
tory aligned to 30 mc and serve to reduce peak 
i-f gain at 30 mc. If the i-f amplifier were to be 
aligned for maximum gain at some other fre- 
quency (as 28 mc), the traps would no longer 
serve their intended purpose. The gain per stage 
could increase to the point of regeneration and 
the bandwidth would be greatly reduced. The 
traps should never require field adjustment; 
therefore, no provision is made for their adjust- 
ment. 


(2) The i-f tuning adjustments are the green 
painted 3/16-inch hex nuts projecting from the 
bottom of i-f coils 173-1, 173-2, 178-3, 173-4, and 
177 (fig. 60). A 3/16-inch hex socket and 
wrench is included in the tool equipment for ad- 
justment. Connect Cord CG-110/TPX-1 to the 
30 M.C. OUTPUT on Test Set TS-159/TPX and 
turn on the test set. Remove the shield covering 
the r-f stages of the receiver; fasten the red test 
clip of Cord CG-110/TPX-1 to the grid of mixer 
tube 180-3, and fasten the black clip to ground. 
Connect Cord CG-76/TPX-1 from the METER- 


ING receptacle on the transmitter-receiver to the 
TRANSCEIVER METERING receptacle on the 
test set. Set the transmitter-receiver METER- 
ING SWITCH to DIODE CURR. and the test set 
METER SWITCH to TRANSCEIVER METER- 
ING. Set the IFF GAIN at 1/3 full. Set the 
DETECTOR switch to NON-OSC. 


(3) Turn on the receiver and advance the 30 
M.C. ATTENUATOR on the test set until the 
meter reads approximately 0.5 milliampere of 
diode current. Trim each i-f coil carefully for 
maximum diode current; reduce the 30 M.C. 
ATTENUATOR, if necessary, to keep the meter 
on scale. Note that the adjustments tune 
broadly. Because of the broad tuning, care is 
necessary in finding the peak response. 


ce. R-F Amplifier Alignment (Bench Align- 
ment). (1) Replace the r-f shield cover. Connect 
Cord CG-110/TPX-1 to the RECEIVER AN- 
TENNA receptacle and lay the test clip end on 
top of the test set near the test set antenna. Set 
the DETECTOR TUNING dial on the test set to 
the desired frequency. Set the detector switch to 
OSC. Leave metering Cord CG-76/TPX-1 con- 
nected and leave the metering switches on DI- 
ODE CURR. and TRANSCEIVER METERING. 
Set IFF GAIN to full. Tune the RECEIVER 
OSCILLATOR dial for a maximum meter read- 
ing. If a suitable maximum is not found, in- 
crease the receiver signal input by moving the 
red test clip of Cord CG-110/TPX-1 closer to the 
test set antenna. If the meter goes off-scale, 
move the test clip away or reduce IFF GAIN. 
Trim the ANTENNA, R.F., and MIXER con- 
trols for maximum meter reading. 


(2) After these controls are tuned, recheck 
the RECEIVER OSCILLATOR dial very care- 
fully. The actual i-f response of the receiver 
may be slightly double-peaked. This will be evi- 
denced by ‘a slight dip in meter reading located 
between two peaks. The exact setting of the 
RECEIVER OSCILLATOR dial is on this slight 
dip. Lock the RECEIVER OSCILLATOR. When 
the set is installed for operation with the receiv- 
ing antenna connected, it will be necessary to 
retrim the ANTENNA trimmer as instructed in 
paragraph 25. | 


107. TRANSMITTER ALIGNMENT 


There is no alignment procedure for the trans- 
mitter. Refer to paragraph 38, item 8 for notes 
on the adjustment of capacitor 243. 
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Figure 57. Transmitter-Receiver RT-484A/TPX.1 » tube location diagram. 
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Pim 1 - HEATER 
PIN 2- PLATE 
PIN S-ORID. 
PIN 4 - HEATER 
PIN S- CATHODE 


PIN I - SHELL 

PIN 2° HEATER 

PIN S- SUPPRESSOR 
PIN 4° GRID 
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PIN 6@- SCREEN 

PIN 7° HEATER 

PIN 8 - PLATE 


PIN 1- NO CONNECTION 
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PIN4- PLATE@2 
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PIN 1 - HEATER 

PIN 2° NO CONNECTION 

PIN 3- NO CONNECTION 

PIN 4- HEATER, CATHODE 


PIN 1- INTERNAL SHELO 
PIN 2- HEATER 

PIN 3- PLATE@? 

PIN 4° CATHODE O2 

PIN S- PLATES! 

PIN 7- HEATER 

PIN 8- CATHODE 1 


TL-48921 


Figure 58. Transmitter-Receiver RT-48A/TPX-1, tube. base connections. 
@. 
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Figure 59. Transmitter-Receiver RT-48A/TPX-1, receiver chassis, bottom view, r-f and 
mixer stages cove 
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Figure 60. Transmitter-Receiver RT-48A/TPX-1 » receiver chassis, bottom view, r-{ and 
er stages uncovered. 
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114 
TL-49917 


Figure 61. Trensmitter-Receiver RT-48A/TPX-1, r-f and 
mixer stages viewed from left-hand side. 
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Figure 63. Transmitter-Receiver RT-484/TPX-1 ‘ 
171 receiver chassis, typical r-f tuning essembly. 





Figure 62. T mitter-Receiver RT-48A/TPX-1, r-f and 
walter stunes Wawed [rom ahthend daa. 
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Figure 64. Transmitter-Receiver RT-484A/TPX-1, receiver chassis, top view. 
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Figure 65. Transmiteer-Receiver RT-48A/TPX-1, 
receiver chassis, local (H.F.) oscillator, cover removed. 
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Figure 66. Transmitter-Receiver RT-48A/TPX-1I, 
receiver chassis, first and second i-f 
resistor mounting board. 
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Figure 67. Transmitter-Receiver RT-48A/TPX-I, 
receiver chassis, pulse oscillator mounting board. 
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Figure 68. Transmister-Receiver RT-48A/TPX-1, 
receiver chassis, synchronizing amplifier resistor 
mounting board. 
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TL-39121 
: Figure 69. Transmitter-Receiver RT-48A/TPX-1, receiver chassis, voltage diagram. 





TL-39116 
Figure 70. Trensmitter-Receiver RT-48A/TPX-1, receiver chassis, resistance diagrem. 
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NOTE: TRAMGIETTER-RECEER SYNOHROMZED M@ 400 PULSES PER SECOND 





Figure 71. Transmitter-Receiver RT-484A/TPX-1, receiver chassis, waveform diagram. 
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Figure 73. Tranamitter-Receiver RT-48A/TPX-1,.transmitter chassis, bottom view. 
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Pigure 74. Trensmitter-Receiver RT-48A/TPX-1, transmitter chassis, top view. 
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6 201-7 Figure 76. Trensmitter-Receiver shen dade Ba trans- 
ap ee 20) -6 mitter chassis, resistor and r-f choke mounting board. 


201-5 
201-4 
201-3 
201-2 





213-2 





TL-41752 


Figure 75. Transmitter-Receiver RT-48A/TPX-1, trans- 
mitter chassis, rear vertically mounted resistor board. 





Pigure 77. Transmitter-Receiver RT-48A/TPX-1, trans- 
mitter chassis, side vertically mounted resistor board. 
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TL-41753 


Pigure 78. Transmitter-Receiver RT-48A/TPX-1, re- 
ceiver chassis, rear vertically mounted resistor board. 
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NOTE: 
READINGS REFERRED TO CHASES 
CHALLENGE SWITCH IN RACAR POSITION @ GAD MARA. 
RESISTANCE VALUES IN COMMS UNLESS MARKED “MES 
“eas ° ame CON. 


TL-39119 
Figure 80. Transmitter-Receiver RT-48A/TPX-1, transmitter chassis, resistance diagram. 
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Figure 81. Transmitter-Receiver RT-48A/TPX-1, transmitter chassis, waveform diagram. 
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Chapter 5 
TROUBLE SHOOTING TEST SET TS-159/TPX 


WARNING. — Voltages sufficient to cause death on contuct are present in 
this equipment. Do not touch high-voltage connections while the equipment 


is operating. 
108. REFERENCE DATA 


The following reference data is provided to 
aid in trouble shooting Test Set TS-159/TPX. 


Fig. No. 


49 Schematic 

83 Tube base connections. 

84 through 88 | Parts location illustrations. 

89 through 90] Voltage and resistance diagram. (All volt- 
ages specified in this manual, whether 
on schematics or on voltage diagrams, 


Subject 


are measured with a 1,000-ohm-per-volt 
d-c meter to ground, unless otherwise 
stated. 
91 Wiring am. 
56 Capacitor and resistor color codes. 
109. GENERAL 
The general trouble-shooting information 


given in paragraphs 88 through 96 is applicable 
to Test Set TS-159/TPX. <A thorough under- 
standing of the theory of operation of the test 
set, given in paragraphs 74 through 87, will 
facilitate analyzing and isolating trouble. Use 
of the reference data listed in paragraph 108 
will simplify the trouble-shooting and servicing 
procedure. 


110. REMOVING TEST SET FROM CABINET 


To remove Test Set TS-159/TPX from its cab- 
inet, remove the six screws from around the edge 
of the front panel which hold the panel to the 
front lip of the cabinet. Remove the two elastic 
stopnuts and lockwashers from the rear of the 
cabinet. (These elastic stopnuts and lockwashers 
are not present on some sets.) Carefully with- 
draw the panel-chassis unit from the cabinet. 


111. REMOVAL AND REPLACEMENT OF 
TUBES AND PARTS 


a. To remove the shield covering the oscillating 
detector circuits, remove the six screws which 
hold the shield to the chassis and the six screws 
which hold it to the rear shield plate and lift it 
off. 

b. To remove the. shield can over tube 532 
(9006) press the can downward (toward the 
tube base), twist counterclockwise to disengage 
the bayonet catches, and lift the can off. 

ce. With the exceptions mentioned in a and b 
above, removal and replacement of all tubes and 
parts in Test Set TS-159/TPX is quite simple 
and will be obvious upon inspection. 





112. TEST SET TROUBLE-SHOOTING CHART 
Symptom 


a. Meter indicates normally on 
TRANSCEIVER METER- 
ING. No meter deflection on 
TRANS. POWER or TRANS. 
FREQ. Tubes do not light. 


b. No meter indication. Tubes 
light and normal calibration 
ts can be heard in phones. 


e. Set performs normally but cali- 
bration beats are not heard. 
No 30-mce output. 


d. 30-me (tripler) output weak. 
in paragraph 113b. 


e. Detector oscillates over part or 
none of band as evidenced by 
no calibration beats and no 


signal output to align re- 
ceiver. 


Possible Fault or Remedy 


Check LINE FUSE 568. Check for a-c supply from terminals A and B on test set end 
of Cord CX-159/TPX-1 through receptacle 562, fuse 568, LINE SWITCH 576-1, and 
primary of transformer 570. 


Check METER FUSE 567 and meter. 


Try new crystal. Try new tube 531-3 (6SL7GT). Try chapediiens Sa’ ery tuning capaci- 
tor 548-1 to lower capacitance setting. Check voltages on tu 
573 and 574 for continuity. When beats are again found, reset capacitor 548-1 as 
described in paragraph 113a 


Try new tube 531-8 (6SL7GT). Realign tripler trimmer capacitor 548-2 as described 


531-8 and check coils 


Make sure detector switch is on OSC. Try new tube 530 (955). Check for proper volt- 
age at junction of choke 572-3 and resistor 502. Check heater voltage on tube 530. 
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112. TEST SET TROUBLE-SHOOTING CHART (cont'd) 





Symptom 





— 
—_— 


TRANS. FREQ. Calibration 
beats very weak. 


az. Meter deflection low when 
measuring’ TRANS. FREQ. 
Meter shows two slight peaks 
with a dip between. 


h. TRANS. POWER reads very 


low or very high with appar- 
ently normal transmitter. 


f. Meter deflection very low on 


Possible Fault or Remedy 


ee ee 


Try new tubes 531-1 and 531-2. Check voltages on audio amplifier tube 531-1. Check 
potentiometer 504. 








This condition is normal when too little transmitter power is coupled to the test set 
antenna. Increase coupling by moving test set to another position or by placing hand 
near test set antenna. 





Check d-c resistance across receptacle 560-1. It should be 50 ohms. Check resistors 
505, 506, 508, and 509. Try new tube 531-2. Try new tube 532. If reading is low, 
capacitors 541-2, 541-3, 542-5, or 543 may be open. 





i. Detector oscillates over part of 
band or not at all. Plate volt- 
age low. Tube 534 does not 
have violet glow. 


113. ADJUSTMENTS OF TEST SET 
TS-159/TPX 


a. Adjustment of Capacitor 548-1. Whenever 
crystal 569 or tube 531-3 (6SL7GT) is replaced, 
it is necessary to adjust capacitor 548-1. With 
LINE SWITCH in the ON position and DETEC- 
TOR switch in the OSC. position, proceed as 
follows: 


(1) Turn DETECTOR TUNING dial to a 
point where a beat note is heard in the headset. 
(This should be at or near the setting indicated 
by the test set TUNING CHART as correct for 
one of the calibration frequencies, i.e., 150, 160, 
170, 180, or 190 megacycles.) 


(2) Increase the capacitance of capacitor 
548-1 (by turning the screwdriver adjustment 
marked XTAL OSC. on top of test set chassis) 
just to the point where the beat note is no longer 
heard in the headset. 


(3) Decrease the capacitance of capacitor 
548-1 to a value slightly lower than the highest 
value at which the beats can be heard in the 
headset. 

(4) Throw the LINE SWITCH to OFF and 
then to ON several times and note each time 
whether the beat note is heard in the headset to 
make sure that the crystal always starts oscil- 
lating. 


b. Adjustment of Capacitor 548-2. In order to 
obtain maximum 30-megacycles output from the 
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Check line voltage. Try new tube 533. 





tripler, capacitor 548-2 must be properly ad- 
justed. This adjustment is made as follows: 
(1) Connect the test set to Transmitter-Re- 
ceiver RT-48A/TPX-1 and set all controls as for 
alignment of the IFF receiver (par. 106). 
(2) Adjust capacitor 548-2 (by turning the 
screwdriver adjustment marked TRIPLER on 


top of the test set chassis) for maximum receiver 
diode current. 


c. Calibration of Oscillating Detector. The 


procedure for calibrating the oscillating detector 
is described in paragraph 23. 
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Figure 83. Test Set TS-159/TPX, tuba base connections. 
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Figure 84. Test Set TS-159/TPX, bottom view, cover off. 
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Figure 85. Test Set TS-159/TPX, top view, cover off. 
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Figure 86. Test Set TS-159/TPX, detector tuning assembly. 


542-3 
500-3 


503-2 


514-1 


503-1 





502 


Figure 87. Test Set TS-159/TPX, audio amplifier 


resistor mounting board. 
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Figure 88. Test Set TS-159/TPX, vacuum tube voltmeter 
resistor mounting board. 
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DETECTOR SWITCH mW OBC. POSITION. TL 89 


Figure 89. Test Set T S-159/TPX, voltage diagram. 
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Figure 90. Test Set TS-159/ TPX, resistance diagram. 
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Figure 91 ’ Test Set TS-159/TPX, wiring diagram. 
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™ 11-1160 
Par. 114-117 


Appendix I 
ANTENNA SYSTEM AS-96/TPX-1 


115. GENERAL 


Some models of Radar Set AN/TPX-4 may be 
supplied with Antenna System AS-96/TPX-1 in- 
stead of Antenna System AS-134/TPX described 
in paragraph 11. A description of Antenna Sys- 
tem AS-96/TPX-1, instructions for installation, 
and theory of operation are given in the following 
paragraphs. 


116. DESCRIPTION (Figs. 92, 93, 94, 95, and 96) 


a. The antenna system consists of a self-sup- 
porting mast, a boom at the top of the mast, and a 
vertical folded dipole at each end of the boom. 
Structurally the mast consists of a self-guyed low 
tripod with a base triangle 1214 feet on a side and 
with the apex 5 feet high, supporting a single 
15-foot vertical section. The vertical section is 
guyed down to the middle of the tripod legs. The 
elements of the mast are sections of 15¢-inch 
aluminum tubing, 5 feet long, with ends arranged 
to slip one in the other. The crotch piece at the 
apex of the tripod is an aluminum casting; so are 
the tripod feet, guy rings, and top fitting. The 
boom at the top consists of two 4-foot U-sections 
folded of aluminum sheet and pinned to the top 
casting, open side down, to make an 8-foot cross- 
arm. Each end of the boom contains a quarter- 
wave linear matching transformer constructed of 
dural rods encased in molded polystrene sections. 
The folded dipole antenna elements are made in 
one piece from dural rod. The open ends are fitted 
with screw couplings to connect with the trans- 
former terminations. The center of the antenna 
snaps into a spring catch fitting which projects 
from the end of the crossarm. 

b. The complete mast structure will withstand 
winds up to 20 miles per hour without staking. 
Stakes are provided to be driven through holes in 
the feet. The mast will withstand a 60-mile-per- 
hour wind if properly staked. If the ground does 
not permit staking, the carrying bag for the an- 
tenna may be hooked under the crotch casting and 
loaded with rocks. If wind velocities exceed 60 
miles per hour, the mast should be dismantled, 
because the antenna castings may break on over- 
turning. 

c. The entire antenna system breaks down into 
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sections 514 feet long or less, and packs into the 
carrying bag to make a package 76 inches long by 
12 inches diameter, and weighing 40 pounds. 


117. SELECTING A SITE FOR ANTENNA 
SYSTEM AS-96/TPX-1l 

The antenna may be located at any spot 25 feet 
or less from the center of the radar tent. The ends 
of the antenna legs which form an equilateral tri- 
angle with corners approximately 1214 feet apart 
should all be at the same level in order to make the 
mast vertical. The antenna need not be erected 
exactly at the spot chosen; it may be assembled 
and erected at any convenient working space and 
then carried to the desired position. Locate the 
antenna as far from the tent as the cords permit. 
Choose a point where the IFF antenna will inter- 
fere least with signals coming to the radar an- 
tenna from the sector most likely to contain un- 
friendly aircraft (Fig. 14). 


118. INSTALLATION (Figs. 95 and 96) 


a. Components. The antenna system consists 
of 13 components (plus spares and spare parts) 
packed in a transit bag (Figs. 98 and 94). The 
components used in erection are identified as 
follows: 


COMPONENTS OF ANTENNA SYSTEM AS-96/TPX.-1 


Transit bag 

Bottom tripod leg 
Top tripod leg 
Bottom mast section 
Middle mast section 
Top mast section 
Boom assembly 
Center support casting 
Dipole element 
Stake 

Vertical guy 
Horizontal guy 


Erection rope 





“Including one spare 


b. Tools and Cables. Two open-end wrenches 
size 14 inch x 7/16 inch are necessary. These are 
provided in the tool equipment in Chest CY-154/ 
TPX-1. Two cables (Cords CC-74/TPX-1) are 
supplied for connecting the antenna to Transmit- 
ter-Receiver RT-48A/TPX-1. 
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Figure 92. Antennd System AS-96/TPX.-1, set up for operation. aa 
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Figure 93. Antenna System AS-96/TPX-1, packed in roll for carrying. 


c. Assembly. (1) Unpack the transit bag (part 
801) and lay out the parts in an orderly manner. 

Note.—In assembling be sure that parts with the same 
color band or spot go together. 

(2) Insert each of the top tripod legs (part 
303) into the appropriate holes in the center sup- 
port casting (part 308). Rest the assembly on its 
side; that is, two legs on the ground and one in the 
air. Avoid getting dirt into the ends of the legs. 

(8) Insert a bottom tripod leg (part 302) into 
each of the two top tripod legs which are resting 
on the ground. 

(4) Take a vertical guy (part 311) and pass 
the hook end of the turnbuckle through the hole 
in the guy ring on the third bottom tripod leg. 
(In this and succeeding operations the turnbuckle 
screws should be turned out so that the beginning 
of the threads is flush with the interior of the 
turnbuckle body). Trail the guy wire out in a 
straight line; avoid kinks. Tie one end of the 
erection rope (part 313) securely to the foot cast- 
ing of the bottom tripod leg. Insert the leg with 
rope and guy attached into the top tripod leg, 
which is off the ground. 

(5) Takeéa horizontal guy (part 312) and pass 
it around the hooks in the guy rings of each tripod 
leg. Hook the turnbuckle and the end of the guy 
wire together and close the turnbuckle enough to 
make the wire taut without noticeably bending the 
legs. Equalize the tension all around the wire by 
bending each leg slightly inward, then allowing 
it to bend back into position. 

(6) Assemble the hottom, middle, and.top mast 
sections (parts 304, 305, and 306, respectively) 
on the projection of the center support casting. 
Note that these parts are keyed to prevent turning 





when fully engaged. The position of the bottom 
and middle mast sections is unimportant, but the 
top mast section must be inserted so that the holes 
in its guy ring are in line with those on the legs. 

(7) The vertical guy previously hooked on the 
up-ended tripod leg may now be snapped into the 
appropriate hole on the mast guy ring and the 
remaining two vertical guys similarly installed. 
It is not necessary to tighten the turnbuckles. 


(8) Pin a boom assembly (part 307) to each 
side of the top mast section and secure the free end 
of the clevis pins with the locking pins. 


(9) Rest the boom end of the mast on a box or 
other support 1 or 2 feet off the ground. Using the 
open-end wrenches, fasten a dipole element (part 
309) to the end of each boom. The dipole ele- 
ments will spring sufficiently to allow their free 
ends to be inserted into the connectors. Before 
tightening the connector nuts, clip the dipoles in 
place in the spring device on the extreme end of 
each boom. Tighten the connector nuts, and ad- 
just the dipoles so that they are not twisted or out 
of line. 


CAUTION :—All connectors and cables 
must be handled carefully. Do not kink these 
cables or coil them too sharply. Keep them 
free of dirt. In temperatures of less than 5° 
F above zero, cables must be warmed before 
handling to avoid breaking the insulation. 


(10) Unroll the two Cords CG-72/TPX-1; do 
not Jet them kink. Slip the ends bearing Plug 
PL-259 (straight plug) through the cast bushings 
on the center support casting, then through the 
cast bushings in the center of the middle mast 
section, then through the bakelite bushings in 
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Figure 94. Antenna System AS-96/TPX-1, carrying pack unrolled. 
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either boom. Finally remove the safety caps from 
the receptacles and insert the plugs. 


(11) Secure the two legs on the ground to pre- 
vent the whole structure from sliding forward 
while it is being tilted. If the ground permits, 
drive a stake (part 310) about halfway into the 
ground through each of the foot castings of these 
legs. The legs may be twisted slightly to bring the 
foot castings parallel to the ground. If the ground 
is too rocky for driving stakes, pile rocks or other 
material in front of the legs in the direction of 
sliding. The mast should be erected by at least 2 
men, if possible: one walks the mast up, starting 
from the boom end, while the other pulls down on 
the rope previously tied to the up-ended leg. 


(12) After the mast is assembled, erected, and 
moved to the desired location, examine it from all 
sides to make sure it is vertical. Build up the 
ground under one or more of the legs if necessary. 
The mast may be secured in either or both of two 
ways. (Both methods should be used if winds in 
excess of 25 mph are likely). 


(a) By means of the stakes (part 310). 


(6b) By means of the transit bag (part 301). 
The bag is provided with a hanger which may be 
placed around the center support casting. The bag 
is then weighted with rocks or other material. 
About 40 to 50 pounds of ballast will suffice to 
secure the mast in high winds. 


(13) When the mast is satisfactorily staked 
and/or ballasted, adjust the tension in the vertical 
guy wires by means of the turnbuckles. The guys 
should be adjusted so that they are slightly loose 
on all sides and take hold only when the wind 
tends to bend the mast. 


119. THEORY (Fig. 97) 


a. Separate receiving and transmitting an- 
tennas are used with Radar Set AN/TPX-1; 
therefore no device is required to protect the re- 
ceiving circuits from the transmitter pulse. Both 
antennas are alike, and it does not matter which 
of the two 50-foot feed cables from them is con- 
nected to the receiver and which is connected to 
the transmitter. 


b. To match the relatively high impedance of 
the antenna to the low impedance of the feed cable, 
a 14-wave length matching transformer is used as 
shown in figure 97. The spacing of the two dural 
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Figure 96. Antenna System AS-96/TPX-I, 
dipole assembly. 


rods and the dielectric constant of the polystyrene 
in which the rods are molded is such that the char- 
acteristic impedance of this transmission-line sec- 
tion matches the cable to the antenna. This match- 
ing system produces standing waves along the 
dural rods and coaxial feed cable, but they are not 
too objectionable for two reasons: 


(1) The U-shaped antenna support boom 
shields the stray radiation from the dural rods of 
the matching transformer. 


(2) Thestanding wave ratio is low, from about 
1.75 :1 to about 2.2:1, depending on the operating 
frequency. Therefore the radiation loss from the 
coaxial cable is low. 


ce. The lengths of the components in the antenna 
system are a compromise for the frequency band 
of 157-187 mc. Therefore various currents and 


. potentials in the transmitter-receiver are different 


for different operating frequencies. This should 
be taken into account when interpreting meter 
readings. 


d. Each antenna field pattern is approximately 
doughnut-shaped, with a negligible distortion due 
to the adjacent antenna. The field pattern is 
therefore practically uniform over the entire azi- 
muth, but a narrow cone of silence exists directly 
overhead. 
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Figure 97. Antenna System AS-96/TPX-1, radiator and matching transformer. 
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